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SUMMARY 
The macadamia is a new crop species- Jtost of the developmental 
work for its introduction as a commercial crop was done in Hawaii* 
However, yield of macadamia nuts exhibits a strong genotype 
environment Interaction and Hawaiian cultivars are mot achieving their 
genetic potential in respect of yield and nut quality when grown in 
Australia. This suggests that fuifcher developmental research is 
needed if the macadamia Is to be a successful crop in Australia* 
Research is required on the breeding of varieties suited to Australian 
environmental conditions, on the effects of the environment on 
inflorescence initiation and subsequent fruJJ! development, on the 
physiological causes of nut drop and on the management of tree size. 
Three areas of experimental work on the macadamia, each aimed at 
providing basic information and potentially useful techniques for 
future research, are described in this thesis. 
1) The developmental anatomy of the inflorescence and flower of 
M. integrifolias Specimens were collected from adult 
macadamia trees at Dural, N.s.w. at 2-weekly intervals from 
May to October, 1983 and were studied by Scanning Electron 
Microscopy (SEM). The first indications of inflorescence 
initiation were detected in late June and anthesis occurred 
in late September and early October. Five stages in the 
flowering of macadamia were identified: 
Stage 1: The resting bud. Resting buds produce either an 
inflorescence or a vegetative shoot. 
Stage 2: Initation of the inflorescence. This stage is 
characterised by swelling of the apex and by the 
appearance of a third set of bract primordia. 
Stage 3: Inflorescence primordia development and the 
appearance of floral bracts. 
Stage 4: Inflorescence elongation, flower initiation and 
development. 
Stage 5: Anthesis 
2) The use of in-vitro techniques for the micropropagation of 
cultivars of M. integrifoliat Proliferating nodal explants 
have been maintained in culture for 6 months on Nitsch and 
Nitsch (1969) basal medium containing benzyladenine (lOuM). 
Environmental conditions were as follows: 
2 
18h photoperiodr (illumination was from fluorescent tubes. 
Incandescent bulbs and high pressure sodium lamps), total 
irradiance 90 Wm-3, day temperature 26°C; and night 
temperature 19°C. Biese cultures have produced large 
numbers of axillary shoots but subsequent shoot elongation 
has been very slow. Work is continuing on a 'growth' medium 
on to which proliferating cultures can be sub-cultured to 
encourage rapid shoot elongation. Results indicate that 
zeatin may be beneficial for stimulating shoot elongation. 
A modified Nitsch and Nitsch (1969) medium containing half 
the normal concentration of iron and micronutrients has been 
used to successfully subculture excised shoots and 
microcuttings. Attempts to induce adventitious roots on 
microcuttings have been unsuccessful. 
3) The induction of mutations in cultivars of M. integrifolia 
using y-irradiation: The long-term aim of this work to 
select 'dwarf' or compact mutations of existing cultivars. 
Scions of the cultivars Own Choice and HAES 660 were 
irradiated and grafted onto M. tetraphylla seedling 
rootstocks. Nodal explants of HAES 741 and HAES 344 were 
irradiated and cultured in vitro. Most varieties had an 
LD-0 of 2-3 kr at a rate of 1 kr hr . The irradiated 
scions were grafted onto M. tetraphylla seedling rootstocks 
and are being grown-on. Scions will be taken from these 
plants and grafted in order to raise a second generation 
(M-2). Regrowth from the M-2 will be evaluated to detect 
any compact phenotypes. Girdling of the branches on the 
mother trees six weeks before taking scions was shown to 
give a much improved rate of graft success, i.e. 87% take of 
girdled scions as compared with an 11% take of non-girdled 
scions. 
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PART ONE 
REVIEW OF LITERATURE ON THE BIOLOGY AND CULTURE 
OF MACADAMIA 
1. INTRODUCTION 
The macadamia is the only Australian native plant to have been 
developed as a commercial food crop. The macadamia is considered to 
be amongst the best edible nuts in the world and it is the richest of 
the oil-yielding nuts in cultivation (Trochoulias, 1981). 
Two species of the genus Macadamia are grown as nut crops, 
M. tetraphylla L.A.S. Johnson and M. integrifolia Maiden and Betche. 
Both species are indigenous to the coastal rainforests of the 
subtropical regions -of Australia east of the Great Dividing Range. 
The natural range of M. tetraphylla extends from the Richmond River in 
northeastern New South Wales to the Coomera- and Nerang Rivers in 
southeastern Queensland, a distance of approximately 120 km. The 
latitudinal range is approximately 29° - 28°S. M. integrifolia is 
found only in Queensland and its natural range extends from the 
Numimbah Valley in the south, to Bundaberg J& the north a distance 
of approximately 480 km. The latitudinal range is approximately 28° -
23° S. The ranges of the two species overlap in a zone of 
approximately 32 km in southern Queensland. 
Macadamia nut production and consumption have increased steadily 
throughout the world in recent decades as a result of increased 
plantings, young trees reaching bearing age and cultivar improvement. 
The main producers are the U.S.A. (California and Hawaii), Australia, 
South Africa, Zimbabwe, Kenya and some Central American countries such 
as Costa Rica, Mexico and Guatemala, 
2. HISTORY 
The first European recording of the macadamia was the collection 
of specimens by the explorer, Ludwig Leichardt, on the Conondale Range 
south of Maleny in 1843. Ferdinand von Mueller, Director of the Royal 
Botanic Gardens iati Melbourne, was the first botanist to describe the 
genus Macadamia in 1858. Von Mueller named it after Dr. John Macadam, 
4 
MD, Secretary of the Philosophical Institute of Victoria. Long before 
European settlement the macadamia nut was well known to the aboriginal 
people and it formed an important part of their diet. 
Most of the developmental work required to establish the 
macadamia as a nut crop was done in Hawaii, The two earliest known 
importations of macadamia seed into Hawaii were by W. Purvis of 
Kukuhaele, between 1862 and 1885, and by E.W. and R.A. Jordan of 
Honolulu, in 1892 (Hamilton and Fukanaga, 1954). Lowndes (1966) has 
established with reasonable certainty that the seed concerned came 
from a farm owned by Frances Lakey on Hotham Creek, near the village 
of Pimpana, 50 kilometres south of Brisbane. From 1892 to 1894 the 
Board of Agriculture and Forestry of the Hawaiian Government included 
seedlings of M, integrifolja in reaforestation plantings near Honolulu. 
From 1900 to 1915 many small plantings, mostly as ornamentals, were 
made in Hawaii. In 1918 and 1919 the Hawaii Agricultural Experimental 
Station (H.A.E.S.) distributed many seedling trees to coffee growers 
as a possible alternative crop to supplement income from coffee. The 
Hawaii Macadamia Nut Company established two orchards in 1922 and, by 
1934, there was a total of 33 ha planted at the 2 sites. To stimulate 
interest in macadamia growing, the Territorial Legislature passed an 
act exempting properties used £n the production of macadamia nuts from 
taxation for 5 years from 1927. Production in commercial quantities 
began in the early 1930's and the area planted to macadamia increased 
from 100 ha in 1932 to approximately 270 ha in 1938. 
From 1938 to 1941 the first orchards of grafted trees were 
planted in Hawaii by the H.A.E.S. to test clonal selections. The 
H.A.E.S. released the first varieties in 1947. 
In Australia, the macadamia was commercially insignificant nn^ jjt 
the early 1960•s when CSR Ltd. established plantings of improved 
Hawaiian varieties (Storey, 1977). 
Production in the major macadamia growing countries from 1979 to 
1981 are given in Table I (Garrett and Sato, 1982). 
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TABLE X 
Macadaroia Nuts: Major Producers 
(Tonnes in Shell) 
Country 
Australia 
Costa Rica 
Guatamala 
South Africa 
U.S.A. 
TOTAL 
WORLD PRODUCTION 
1979 
1,141 
5 
33.6 
N.A. 
12,065.8 
-
13,245.6 
1980 
1,205.2 
22.0 
53.8 
300.0 
15,145.7 
16,727 
1981 
1,500 
68.0 
74.6 
600.0 
N.A. 
N.A. 
3. BOTANY 
3.1 Botanical Description 
3.1.1 M. integrifolia Maiden and Betche: The trees of this 
species are large and spreading, some attaining heights of 20m and 
spreads of 16m. Juvenile leaves are long, linear-lanceolate, the 
adult leaves being oblanceolate or obovate in shape. Adult leaves 
measure 10-30cm in length and 2.5-7.5cm in width. They occur in 
whorls of 3 or 4, with 3 leaves being the most common. Leaf 
attachment is petiolate. The adult leaf margin is generally entire; 
sometimes with 1-12 teeth on each side. New flushes of growth 
generally lack any reddish or pinkish colouration. The inflorescences 
are borne on mature branchlets, usually on the growth flushes produced 
in the previous 2 or 3 seasons. The racemes are 10-30cm in length, 
with 100-300 white flowers per raceme. The pericarp is bright green. 
- * -
due to a* nearly glaborous condition* The seed is spherical in shape 
with a generally smooth surface. (Storey, 1965). 
3.1.2 M. tetraphylla L.A.S. Johnson: The trees of this species 
are large and spreading, sometimes attaining a height of 16m and a 
spread of 20m- Juvenile leaves are long, linear-lanceolate, the adult 
leaves being oblanceolate. Adult leaves measure 10-20cm iaa lengths 
and 2.5-7.5cm in width. They occur' most commonly in whorls of 4, 
although whorls of 3 or 5 occasionally occur. In young Seedlings the 
leaves generally occur in opposite pairs. Leaf attachment is sessile 
or nearly so. Adult leaf margin have numerous serrations, ranging 
from 15-40 per side. The bark of the branchlets is usually dark in 
colour. Young leaves on new growth are generally red or pink in 
colour. The racemes are borne in the axils of the most recently 
matured two or three increments of growth. The racemes vary from 
15-45cm in length with 100-300 flowers. The flowers are usually pink 
in colour. The pericarp is greyish-green in appearance due to a dense 
white pubescence. Seed is commonly fusiform in shape with a pebbled 
surface. (Storey, 1965) 
3.2 Botanical Re1ationships 
The species Macadamia integrifolia and M. tetraphylla belong to 
the family Proteaceae. The genus Macadamia was first described by 
Ferdinand von Mueller who named the type species as M. ternifolia. 
Rao (1957) recognised the genus Macadamia as belonging to the tribe 
Macadamieae (N * 14) which also contains, amongst others, the genera 
Keraadecia, Gevuina / Heliciar Xylomelium, Heliciopsis, Hicksbeachia 
and Brabeium. Johnson and Briggs (1963) state that the tribe 
Macadamieae is "not marked by any particular combination of advanced 
features and is scarcely a natural group in the same sense as the 
other tribes within the Proteaceae. It is retained as a convenient 
receptacle for many largely independent genera which share the 
reduction to 2 ovules but lack combinations of positive advanced 
characters to distinguish them as groups". 
Before 1956 there was considerable confusion as to the taxonomic 
division of the 3 species of macadamia occurring in southern 
Queensland and northern N•S^B. Originally, only one species was 
recognised, namely M. ternifolia P. Muell., and a smooth-leafed form 
was recognised as a variety, namely M. ternifolia F. Muell. var 
integrifolia (Maiden and Betche) Maiden et Betche. M. tetraphylla 
remained undescribed until it was recognised as a separate species by 
Johnson (1954). Finally, Smith (1956) resolved the taxonomy of tfte M^ 
ternifolia group of species by distinguishing three species, namely M^ 
ternifolia, M. integrifolia and M. tetraphylla. The principal 
taxonomic characters of these 3 species are described in Table 2. 
(Storey, 1968) 
The genus, as currently understood, comprises 10 species of 
tropical and subtropical evergreen trees (Storey, 1965). These 
species fall into four distinct intrageneric groups; Group 1 includes 
the three subtropical Australian species jpU ternifdjja F. Muell., 
M. integrifo1ia Maiden and Betche and M. tetraphylla L.A.S. Johnson. 
Group 2 comprises two subtropical Australian species M. prealta (F. 
Muell.) F.M* Bail, and M. heyana (F.M. Bail.) Sleumer which early 
botanists considered to belong to the genus Helicia. Group 3 includes 
the two tropical species of N.E. Queensland and Celebes namely, 
M. whelani (F.M. Bail.) F.M. Bail, and M. hildebrandi Steen. Group 4 
comprises the three tropical New Caledonian species: M. rousselii 
(Veil.) Sleumer, M veillardii (Brongn and Gris.) Sleumer and 
M, francii (Guill.) Sleumer. These species were transferred to the 
Macadamia from the genus Roupala by Sleumer (1956) . 
Storey (1968) reported that all three species of the 
M. ternifolia group have an identical chromosome number of 2N = 28. 
Johnson (1954), Smith (1956) and Storey and Saleeb (1966) report 
that naturally occurring trees having the appearance of hybrids are 
found in the region of overlap in the natural populations. Johnson 
(1954) states that "the specimens exhibit considerable variation which 
suggests the existence of a hybrid swarm involving more than one 
generation of hybridity. The hybrids show intermediate conditions in 
petiole length, leaf shape and fimensions, number of marginal teeth 
and of lateral nerves, roughness of seed and in general aspect." 
Genetics 
Very little is known about the genetics of M. integrifolia and 
M» tetraphylla because of the outcrossing heterozygous nature of the 
two species and because of the slow turnover of generations, i.e. at 
least 6 years. 
- 7 -
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TABLE 2 
PRINCIPAL TAXONOMIC CHARACTERS OF M. ternifolia, M. integrifolia and 
~ " — —
 Ma tetraphylla 
CHARACTER 
Phyllotaxy 
Leaf 
attachment 
Adult 
leaf shape 
Adult leaf 
margin 
Colour of 
new growth 
Flower 
colour 
Racemes 
M. ternifolia 
basically, 3 
leaves in a 
nodal whorl; 
young seedlings 
may have only 2; 
occasional 
branches have 3 
or 5 
petiolate 
lanceolate 
scarcely serrate, 
with 8-10 teeth 
on side 
pink to red 
pink 
5-13cm long. 
with 50-100 
flowers 
M. integrifolia 
basically, 3 
leaves in a 
nodal whorl; 
young seedlings 
usually have 
2; occasional 
branches have 4 
petiolate 
oblanceolate or 
obovate 
generally entire; 
sometimes with 
1-12 teeth on a 
side 
pale green; 
occasional 
individuals 
with bronze 
tinging 
white 
10-30cm long. 
with 100-300 
flowers 
M. tetraphylla 
basically, 4 
leaves in a 
nodal whorl; 
young seedlings 
usually have 
only 2; 
occasional . 
branches have 
3 or 5 
sessile or 
scarcely sub-
sessile 
oblanceolate 
numerous 
serrations, 
ranging from 
15-40 on a 
side; 
occasional 
leaves have 
fewer than 15 
pink to red; 
occasional 
individuals 
yellowish-
green, due to 
lack of 
anthyocanin 
pink, white or 
cream coloured 
in individuals 
lacking 
anthocyanin 
15-46cm long, 
with 100-300 
flowers 
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TABLE 2 (cont'd) 
CHARACTER 
Pericarp 
Seed size 
Seed shape 
Seed surface 
Kernel 
M. ternifolia 
grayish-green in 
appearance due to 
dense white 
pubescence; 
dehisces fully on 
tree before fruit 
drops 
transverse 
diameter 6-10mm 
commonly fusiform 
to nearly 
spherical 
smooth to scarely 
pebbled 
bitter? 
unpalatable 
M. integrifolia 
bright clear 
green, due to 
nearly glabrous 
condition; often 
fails to dehisce 
when fruit is 
still on tree 
transverse 
diameter 13-32mm 
commonly spherical 
generally smooth; 
rarely with 
slight pebbling • 
sweet, highly 
palatable 
M, tetraphylla 
grayish-green 
in appearance. 
due to fairly 
dense white 
pubescence; 
dehisces fully 
on tree before 
fruit drops 
transverse 
diameter 
13-38mm 
commonly 
fusiform, some 
nearly 
spherical 
generally 
pebbled; in-
frequently 
smooth or 
nearly so 
sweet, highly 
palatable 
However, Storey and Saleeb (1966) were able to analyse the 
inheritance of 4 contrasting pairs? of vegetative characters in a 
Californian orchard composed of 96 seedling trees. These trees had an 
intermediate appearance between M. integrifolia and M. tetraphylla. 
The parent of these trees was a single tree of M. tetraphylla, next to 
which was a tree of H* integrifolia. Storey was able to analyse the 
segregations and recombinations of phyllotaxy, leaf attachment, leaf 
margin character and colour of the young leaves in the F2 progeny of 
the mother tree. 
Storey concluded that the phyllotaxy of 3 or 4 leaves in the 
nodal whorl is determined by a single gene with 3 alleles, the 3-leaf 
form being dominant. The leaf attachment is determined by a single 
gene and the petiolate condition is dominant. Leaf margin serration 
and colour of the new growth are determined by the complementary 
interaction of 2 independently-assorting gene pairs. 
m 10 
In addition, both susceptibility to anthracnose and shell 
thickness are reported to be controlled by a single dominant gene 
(Watson, 1983). 
4. BREEDING 
The selection of superior cultivars of 
macadamia has been undertaken in a number of countries including 
U.S.A. (Hawaii), Australia, South Africa and Israel, but Hawaii has 
led the world in the development of the macadamia as a commercial 
crop. The Hawaiians have obtained the majority of their cultivars, 
not by systematic breeding work, but by simple selection procedures %M 
seedling populations. The first selection was made in 1936 by 
horticulturists of the Hawaii Agricultural Experimental Station. 
Selections were grafted onto seedling rootstocks and tested in field 
trials and the most promising clones were recommended for commercial 
planting. Prom an estimated seedling population of 100,000 trees, 13 
cultivars have been selected and named. All the selections were 
genotypes of M. integrifolia. It was found that M - te traphylla 
cropped poorly under Hawaiian conditions and that the kernels are not 
of the quality required for processing (Hamilton, Storey and 
Fukunaga, 1956). The selection criteria currently used in Hawaii are 
given in Table 3 and the characteristics of the major Hawaiian 
cultivars are listed in Table 4 (Cull, 1978). 
Currently, the major cultivars in commercial plantings in Hawaii 
are, in descending order of importance, HAES 508, HAES 246 and HAES 
333. The cultivars HAES 246 and HAES 333 would not reach the standard 
required in a present day selection program. Cultivars 741 and 344 
are currently recommended as the best available and they meet the 
requirements for quality and yield. (Cull, 1978) 
The selection program at the Hawaiian Agricultural Experimental 
Station is continuing. Emphasis is now being given to the testing of 
progeny from known parents in a controlled breeding programme. 
Certain cultivars are found to produce progenies with a high 
proportion of good seedlingsm Faulkner, HAES 246 and HAES 788 are 
such parents* but HAES 508 and HAES 333 have been found to be poor 
parents. 
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TABLE 
SELECTION CRITERIA 
Nut & Kernel Characteristics 
Tree Characteristics 
Production 
Other Possible Criteria 
Medium sized nuts (143-187 per kg), 
5-20 nuts/cluster, uniform in size, 
38-48% w/w kernel/ spherical, 
uniform white or cream coloured 
without dark circles or 
off-coloured tops. Few or no 
"stick-tight nut s" (adhering to 
tree when mature). At least 95% of 
Number 1 grade kernels. Number 1 
grade defined as those that float 
on tap water i.e. an estimate of 
specific gravity and oil content. 
Vigorous trees with dark green 
fo1iage, strong crotche s and 
upright rather than spreading 
habit. 
An annual minimum yield of 45,5 kg 
in-shell nuts from well grown 8-
year-oId trees in favourable 
locations, or at least 34kg from 
10-year-old trees in less 
favourable locations. 
Ease of crop harvesting by shaking, 
uniformity of maturity of nuts, 
disease resistance. 
Lately, a scheme for genetic improvement using a polycross system 
has been undertaken. This system involves the planting-out of single 
parent trees having desirable characteristics fe a latin square, each 
tree acting as a pollen source for all other parent trees. The 
resultant progeny are then planted-out for evaluation. (Watson, 1983). 
Macadamia production in Australia is largely based on Hawaiian 
selections which were, of course, chosen for their good performance in 
Hawaiian conditions. The data from a recent industry survey (Winks, 
1983) shows that the HAES selections, 246 and 508, are the predominant 
cultivars in Australia and that HAES 660 is the next most important 
cultivar. 
Recent plantings show HAES 246 and HAES 660 are retaining their 
popularity and that HAES 508 is losing popularity. Cultivar HAES 344 
is likely to become the most popular variety for future planting in 
Australia. Hinde (H2) and Own Choice are the only Australian 
cultivars listed in the survey as being of major importance. 
TABLE 4 (from Cull, 1978) 
Characteristics of Hawaiian Cultivars 
Variety 
No. 
508 
246 
333 
|Hawaiian 
Name 
Kakea 
Keauhou 
Ikaika 
Origin 
Field 
seedling 
Oahu 
Field 
seedling 
North 
Kona 
Field 
seedling 
Oahu 
Yield 
Highest 
of first 
3 
Slightly 
lower 
than 508 
High 
early 
yield 
less 
than 508 
at 12 
years 
Drop Pattern 
Long drop 
can be 
over 9 
months 
Percent 
Kernel 
36 
39 
34 
Nut Size 
and Nuts 
per kg 
Large 
143 
Large 
139 
Medium 
154 
Nut 
Wt. 
in 
g 
7.0 
7.2 
6.5 
Kernel 
Wt. in 
g 
2.5 
2.8 
2.2 
Percent 
Grade 1 
Kernels 
90 
85 
89 
Kernel 
Appearance 
Cooked 
Very good 
Good 
Fair 
Tree 
Shape 
Round 
to 
Broad 
and 
spread 
ing 
Years 
to 
Bear 
7 
7 
Vigorous 
round to 
conical 
5-6 
Points of • 
Interest 
Stable 
yielder of 
good quality 
nuts with 
good yields 
Very subject 
to environ-
ment . Low 
yields and 
poor quality. 
Should not be 
planted. 
Hardy and 
wind resist-
ant - early -
bearer -
que st ionable 
nut quality -
at high 
altitudes 
I 
H 
to 
1 
TABLE 4 (Cull, 1978) (Cont'd) 
Characteristics of Hawaiian Cultivars 
Variety 
No. 
660 
344 
800 
741 
Hawaiian 
Name 
Keaau 
Kau 
Mackai 
Mauka 
Origin 
Field 
seedling 
Kauai 
Field 
seedling 
Honolulu 
Oahu 
246 O.P. 
seedling 
H.A.E.S. 
Waiakea 
Hawaii 
Field 
seedling 
Kauai 
Yield 
same as 
508 can 
be 
higher 
Similar 
to 246 
Similar 
or little 
less thar 
508 
Better 
than 508 
at 462 
metres 
similar 
or less 
at lower 
altitudes 
Drop Pattern 
Matured 
at one 
drop 
before 
end of Nov. 
in Hawaii 
Mature at 
one time 
drop Sept. 
to Dec. 
Hawaii 
Percent 
Kernel 
44 
38 
40 
43 
Nut Size 
and Nuts 
per kg 
Small 
176 
Large 
132 
Very 
Large 
125 
Medium 
154 
Nut 
Wt. 
in 
g 
5.7 
7.6 
8.0 
6.5 
Kernel 
Wt. in 
g 
2.5 
2.9 
3.2 
2.8 
Percent 
Grade 1 
Kernels 
97 
98 
97 
98 
Kernel 
Appearance 
Cooked 
Excellent 
Excellent 
Excellent 
Excellent 
Tree 
Shape 
Upright 
Upright 
Round 
Upright 
¥ears 1 
to 
Bear 
7 
7 
7 
7 
Points of 
Interest 
Has out-
yielded 
previous 
three 
varieties. 
Hardy and 
wind resist-
ant, 
possibly 
drought 
resistant 
Good quality 
and yield. 
Suitable 
for high 
elevation 
where qualit; 
doesn't 
decline• 
I 
W 
I 
- 14 -
The performance of Hawaiian cultivars in Australia has not been 
comparable to their performance in their home environment. In 
Australia yields have been low and nut quality unpredictable- In this 
country trees produce an average yield of only 20 kg of nuts/tree as 
compared with 45 kg/tree in Hawaii. Thi® is not unexpected as the 
Hawaiian cultivars were selected under totally different climatic 
conditions. (Winks, 1983) 
Macadamia breeding for Australian conditions has not advanced 
very far. in 1949 a survey of existing seedling trees from 
Maryborough, Queensland, to the Richmond Valley, N.S.W., resulted Jn 
the selection of several promising lines. Two of the better 
selections were Hinde (H2) and Tinana (B6). Other Australian 
selections made by private growers include Own Choice, Renown, 
Schimke, Rankin, Nutty Glen, Daddow, Poacher and Goldsmith. 
Selection and breeding research is being carried out at the 
Maroochy Horticultural Research Station, Queensland (1979-1980 
Biennial Report). Progenies from open pollinated seed lines, taken 
from parent trees selected for their potential to produce a high 
proportions of useful types, have been planted in the field. Parents 
represented in these trials are Faulkner, Maroochy Horticultural 
Research Station selection Dl and N3, H. Bell selections 32 and 38 and 
two others of similar origins * Progenies of the cultivars HAES 246, 
HAES 508, HAES 660, HAES 333 and the Australian selections linde. Own 
Choice* Renown and the hybrid Rankin, are being raised for addition to 
these plantings. 
Only two scientifically-conducted varietal assessment trials, 
under Australian conditions, have been reported in the literature 
(Winks, 1983; 0*Mara, 1977). O'Mara (1977) reported on a trt$jfc 
established in 1963 in the Glasshouse Mountains under non-irrigated 
conditions. This trial included a number of Aust»lian selections i& 
addition to the Hawaiian selections HAES 246 and HAES 508. Ijlut 
characteristics and yields at 10 years of age are listed in Table V 
(O'Mara, 1977). A more recent trial was established in 1977 at 
Beerwah, Queensland (Winks, 1983). Cultivars include Hawaiian 
selections HAES 246, HAES 333, HAES 660 and Australian selections 
Greber hybrid, Armanasco, Heilscher, Mason (96), Probert, Daddow, Own 
Choice and Heuston. The trees have only just begun to crop and 
significant data on yield is not yet available. Nut and kernel 
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characteristics of the more promising selections are provided in Table 
VI (Winks, 1983). 
Privately-conducted selection work is being undertaken in 
Queensland by Mr. H. Bell of Beerwah and by Mr. N. Greber. A number 
of selections are being tested by these groweri* 
These selection programs are aimed at producing improved, feigner 
yielding cultivars, suitable for Australian c1imatic conditions, 
3#fiXst maintaining the quality required for the processing industry. 
Some selection work has been undertaken in South Africa and two 
cultivars have been named, i.e. Nelmac I and Nelmac II. These 
cultivars are reported to be hybrids of M. integrifolia and 
M. tetraphylla. The nut and kernel characteristics of these 
selections are given in Table VII. 
Work on raacadamia selection has also been undertaken in Israel by 
the Volcani Institute. Most of the known cultivars of M. integrifolia 
have been tested under Israeli conditions but none have proved to be 
satisfactory. Kadman and Slor (1982) have reported on the development 
of a new cultivar named 'Yonik' • This genotype has superior 
characteristics and was selected from a seedling population. The nut 
of Konik is of medium size and is spherical in shape. Kernel recovery 
percentage is high (40%) and the nut separates easily from the shell. 
The colour is creamy-white with an excellent flavour. The nuts mature 
TABLE 5 
Australian Selections - Nut Characteristics and Yield 
Cultivar i 
246 
Hinde H2 
Own Choice 
Nutty Glen 
D4 
Rickard - B5 
Tinana - B6 
Don 
Schimke 
Kernel 1 
Recovery 
% 
33.2 
29.4 
36.6 
42.6 
34.2 
34.0 
36..4 
28.9 
27.9 
Nut | 
Mass 
(g) 
8.6 
7.05 
7.73 
9.3 
7.7 
7.7 
8.5 
Kernel j 
Mass 
(g) 
2.71 
2.27 
2.71 
3.8 
3.21 
2.35 
2.77 
2.7 
2.3 
Kernel 
Diameter 
(mm) 
19.29 
18.67 
17.19 
21.97 
20.02 
18.3 
19.22 
19.46 
18.65 
Yield 
(kg nuts-in 
shell) at 
10 years of 
age 
17.9 
17.5 
25.9 
18.2 
7.6 
4.2 
14.1 
19.8 
17.2 
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TABLE 6 
Australian Selections - Nut Characteristics and Yield 
Cultivar 
Armanasco 
Glasshouse sdlg. 
Heilscher 
Heuston 
Pink Hybrid 
01 
02 
04 
05 
24 I 
HAES 246 
Kernel 
Recovery 
% 
39.5 
41.6 
41.7 
46.0 
47.6 
42.2 
40.1 
45.6 
38.5 
41.4 
38.1 
Mean 
Kernel 
Mass 
(g) 
2.6 
2.24 
2.98 
1.49 
3.10 
2.63 
2.75 
2.55 
2.40 
4.00 
3.2 
NutsAg 
147 
206 
145 
184 
189 
160 
141 
167 
158 
103 
121 
Percent 
First 
Grade 
98.2 
95.6 
97.7 
92.4 
95.7 
97.9 
91.1 
97.2 
98.5 
91.7 
92.2 
Comments 
Slight basal 
colouration 
dis-
Good appearance 
Excellent 
appearance 
Slight basal 
colouration 
Slight size 
variation 
Slight basal 
•colouration 
Slight basal 
colouration 
Slight basal 
colouration 
Slight size 
variation 
Slight basal 
colouration 
Excellent 
appearance 
Slight size 
variation 
Slight basal 
colouration 
Slight size 
variation 
Slight basal 
colouration 
dis-
dis-
dis-
dis-
dis-
dis-
dis-
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TABLE 7 
South African Cultivars - Nut and Kernel Characteristics 
Cultivar 
Nelmac X 
Nelmac II 
NutsAg 
130 
100 
Kernel % 
33 
34 - 36 
% Grade 1 Kernel 
81 - 85 
80 - 86 
uniformly and drop to the ground. A yield of 62.7 kg/tree was 
recorded in year 10 and 105 kg/tree 12 years after propagation. 
The majority of cultivars considered here have been 
M. integrifolia selections. This species is favoured for breeding 
becau$$ it yields the high quality nuts that are required for the 
processing industry. Howevert a number of M. tetraphylla selection 
are now available, some of importance in Californian plantings. (Table 
8). 
It is evident from the history of the development of the 
macadamia as a nut crop in Hawaii that the genetic base of the 
existing Hawaiian varieties is very narrow. That is, the seedling 
population from which the current cultivars originated, was derived 
from only a small number of parent trees- However, due to the 
heterozygous nature of the macadamia there has been ample variation 
within the population of seedlings to allow selection of superior 
individuals suited to Hawaiian environmental conditions. It is .on 
these genotypes that the Australian industry is based at present. 
Systematic breeding work aimed at finding cultivars suited to 
Australian environmental conditions has only commenced in recent 
years. An obvious source of new genetic material is the natural 
populations of Macadamia spp. which occurring along the east coast of 
Australia. However, the coastal rainforests in which the macadamia 
occurs naturally have been steadily cleared for forestry and farming 
purposes since European settlement of Australia. Therefore, 
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potentially valuable genetic material for the development of the 
macadamia as a crop species has been lost or is at risk. This 
germplasm needs to be preserved either by extensive collecting from 
the wild population and/or by preservation of surviving rainforest 
communities (Sedgley, 1983). 
TABLE 8 
H. tetraphylla selections 
Variety 
Beaumont 
(Hybrid) 
Burdick 
Elimbah 
Stephenson 
Nuts/kg 
Kernels 
143 - 176 
88 
Large nut 
NA 
% Kernel 
40 
38 
NA 
NA 
Grade 1 
85 
NA 
NA 
NA 
Comments 
Nuts ,tend to split on 
trees before dropping. 
Selected N.S.W. 
Thin shell 
Selected California 
Good quality, beans 
well, Selected 
Queensland. Some 
plantings in California 
Good quality and high 
yielding. 
Selected Queensland 
Commonly planted in 
California 
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5. FLOWERING, POLLINATION AND FRUIT DEVELOPMENT 
5.1 Flowering 
The macadamia flower is perfect 'With one anther attached by a 
short filament to each of the four sepals. (Figure IB) The flowers 
are formed in pairs in $he axils of minute bracts and macadamia 
inflorescences consist of pendant racemes bearing Atom 100-300 
flowers* 
The epidermis of the ovary and the lower ptyle are densely 
pubescent but the upper style is glabrous. (Figure 1C) The style is 
slender and fipped with a very small stigmatic surface lined with 
papillae. The stigma forms a continuation of the ventral furrow of 
the style and , consequently, it extends a short distance below the 
style tip on the ventral, side of the style. 
About six to seven days before anthesis the style begins to 
elongate and to bend, and approximately 3 days later it pushes through 
the abaxial suture between 2 sepals (Figure 1A).. The interlocking 
cells of the suture then open in a zipper-like manner from the 
pressure of the elongating style. The anthers dehisce one to two days 
before the flower opens and before the pistil is mature. 
Shortly before anthesis (1-2 h ) the sepals begin to separate at 
their tips and then curl back so as to expose the anthers. After the 
sepals have become completely recurved the anthers begin to separate 
from the style. As the anthers move away they leave pollen masses on 
the style tip. Within minutes, the anthers separate from the tip and 
soon after the style breaks through the last portion of the suture. 
(Urata, 1954). Flowering in M. tetraphylla and M. integrifolia occurs 
from July to September, but M. fetegrifolia can make several floral 
flushes throughout the year. 
The recurved sepals usually remain attached to the flowers for 
2-3 days before falling. Flowers retained on the tree after 10-15 
days have enlarged ovaries and constitute the f initial set•. The 
percentage set is very low and a high proportion of flowers abscind. 
There is continued abscission of fruitlets up to 60 days after 
anthesis, but fruit-drop may occur at any time up to maturity. Ito 
(1980) estimated that a 15 year old tree yielded about 6,500 nuts and 
that this represented less than 1 nut per raceme or a final fruit set 
of only 0.3 percent. Growth regulator treatments are being examined 
as a means of increasing the final set. Williams (1980) found that a 
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FIGURE 1—Macadainia flower: A, The mature bud showing the perianth split-
ting to release toe style; B, the flower in anthesia showing perianth, stamens, 
and style, C, the pistil with perianth removed to show the pubeaoent ovary, 
the pubescent style, and the glabrous disk. 
Fi«.i KE 2 ~ - ^ a c n , ' n " " a tvrnifolia: Longitudinal diagrams showing development of 
outer integument and change? in inner integument and nueellus tissue from Innt 
stage to mature seed: . 1 , Bud stage showing positions of two ovules, outerinreg-
uinent, inner integument, and nucellus tissue; B, fertilized ovule showing inner 
integument protruding into the mieropvle; C, intermediate stage with nucellus 
i •einu absorbed by developing embryu; h, shell of seed before it hardens showing 
remnants of nucellus, the white enamel layer developing from inner epidermis 
of testa and the bruu n layer; E, hardened shell with disintegrated inner integu-
ment clinging to white enamel portion, oi% Outer integument; it, inner integu-
ment; nu, nueellus; t, testa; 6/, brown layer; el, enamel layer. A. B, X 100; 
C X 90; D, E. X 22. 
(from Ura t a , 1954) 
- 21 -
single, post-anthesis application of NAA (1-naphthaleneacetic acid) 
increased the set of fruits by 35% at early maturity- Limb-cincturing 
combined with shoot tip removal also increased the initial fruit set. 
The anatomy of developing ovaries was examined from anthesis to 
eight weeks after flowering by Sedgley (1981). The ovary contains two 
ovules at anthesis and both increased in size after anthesis, but only 
one was normally fertilised. Fertilisation of one ovule appeared to 
inhibit fertilisation of the other. The unfertilised ovule was 
eventually crushed by the fertilised ovule. Division of the endosperm 
preceded division of the embryo, and cell formation in the initially 
free nuclear endosperm progressed by the development of cell walls 
inwards from the embryo sac at its micropylar end. Thickenings and 
projections of the embryo-i^tc wall, and thickening of the walls of the 
embryo and persistent synerid, were observed by Sedgley (1981). Such 
wall ingrowths are considered to increase the area of cell wall across 
which nutrients can pass into the embryo-sac. Other routes for entry 
of nutrients, into the macadamia embryo-sac may be via the hypostase 
and endosperm haustoria (Kausik, 1938). Ovaries which abscinded four 
to five weeks after anthesis had a similar anatomy to those which were 
retained on the trees• Some fallen fruitlets showed signs of embryo 
degeneration, but this was thought to have occurred following 
abscission. It is suggested by Sedgley (1981) that premature 
abscission is a physiological problem caused by inefficient 
distribution of water and nutrients to the developing fruit. 
Hartung and Storey (1939) describe th© fruit as a globose nut 
which is normally slightly oblique in shape. When both ovules 
develop, however, the fruits are hemi spherical in shape. The 
dehiscent pericarp consists of two distinct layers of tissue, a 
fibrous exocarp with a dark-green smooth exterior and a softer, 
thinner, endocarp. The parenchyma cells on the endocarp contain a 
dark tannin compound. 
The nut contained within the pericarp is a true seed having a 
seed coat, hilum and a microphyle. The seed coat develops from the 
outer intergument and forms the hard shell. It consists of two 
layers* an outer thicker portion of very hard sclerenchyma tissue and 
a thin inner layer. About half the interior surface of the shell, 
towards the hilar end, is shiny and dark brota&» and the half towards 
the microphylar end is enamel-like and cream in colour (Figure 2). 
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generally, the fruit takes about six months to reach maturity. 
M. tetraphylla produces a crop from January to May but M. integrifolia 
iy carry flowers and nuts at various stages of development throughout 
the year. The main crops are produced in March and in 
September-October* (Trochoulias, Loebel and Chalker, 1980) 
5.2 Pollination 
M. integrifolia, like most other species of the Proteaceae, is 
protandrous. For protandry to cause a high incidence of 
cross-pollination the following conditions must be met (i) the pollen 
grains must disperse without adhering to the stigma or (ii) the pollen 
grains must lose their viability before the stigma becomes receptive. 
TSiese conditions are not fulfilled in the macadamia and it if unlikely 
that protandry plays a decisive role in ensuring cross-pollination. 
Pollen was found to be deposited on the style tip before and during 
anthesis, but a small diamond shaped area of the stigmatic surface is 
usually left£ uncovered- Germination of the pollen grains on the 
stigmatic surface is delayed relative to germination of pollen grains 
in vitro, suggesting that the stigma becomes receptive some time after 
anthesis. This delay, and the partly uncovered stigmatic surface, may 
permit a degree of cross-pollination (Urata, 1955). 
Partial self-incompatibility was found in the majority of 
cultivars tested by Urata (1955). Self-compatibility was tested by 
observing the initial set of isolated trees. In all cases the initial 
set of isolated trees could be raised to much higher levels by 
cross-pollination, 
Sedgley (1983) studied pollen tube growth using the technique of 
fluorescence microscopy to detect the presence of the pollen tube in 
the style and ovule. Cultivars HAES 508, HAES 246, Hinde and Renown 
showed some self-incompatibility as indicated by the arrest of pollen 
tube growth in the style. The inhibited tubes had swollen tips and 
appeared to discharge their contents through a sub-terminal pore. 
Pollen tubes were observed to take up to seven days to reach the 
ovule. 
Random samples of open-pol1inated flowers were taken from five 
cultivars^ HAES 508, HAES 246, Hinde, Renown and Nutty Glen (Sedgley, 
1983) . These were found to have fewer ovules with a pollen tube than 
those which were hand pollinated, an observation which further 
supports the hypothesis of partial self-incompatibility. 
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The effect of partial self-incompatibility on yield was 
investigated by Ito and Hamilton (1980). They compared the yields of 
HAES 246 when grown as a mixed planting and as a pure block and found 
that the yield per tree was 16 kg more from a mixed block. Quality 
was also improved by growing this cultivar in a mixed orchard. 
Cultivar HAES 246 appears to have a relatively high degree of 
self-incompatibility. 
Preliminary observations in Australia and overseas suggest that 
honey bees (Apis mellifera) are important pollinizers and that the 
placing of beehives in macadamia orchard* may increase pollination. 
The high pollinator index (quantity of pollen carried by each bee per 
unit time) and the numerous inter-tree movements observed, made the 
honey bee the most important vector for macadamia pollen at Coomealla/ 
N.S.W. (Sedgley and Ifithanage, 1983). In addition, the native bee, 
Trigona sp. is reported to be an efficient pollen vector for macadamia 
in southern Queensland. 
A serious problem in macadamia production in Australia is the 
need for, and widespread use of, pesticides at flowering time. These 
toxic compounds are detrimental to pollinating insects and may be 
partially responsible for the poor yields obtained in Australian 
orchards, 
6. EFFECTS OF CLIMATE 
The influence of climate on growth, flowering, yield and quality 
of nuts has been discussed by a number of authors (Allan, 1972; Allan 
and De Jager 1979; Baigent, 1983; Cull, 1978; Ito, 1983; Moncur, 
Stephenson and Trochoulias, 1983; Nakata, 1976; Shigeura, 1981; 
Storey, 1969 and Trochoulias and Lahov, 1983). 
In Hawaii there '£& a marked effect of climate on varietal 
performance and the cultivars in use are greatly affected by locality 
(Cull, 1978). The various Hawaiian cultivars have been selected for 
their performance in a narrow range of environmental conditions. For 
example, HAES 246 performs well at sea level but not at higher 
elevations (550m) and HAES 741 is most productive at altitudes of 
between 550-610m. HAES 344 is one of the most widely-adapted 
selections, and it performs well from sea level up to 900m (Ito, 
1983). 
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The differences in climate between; the macadamia growing regions 
of Hawaii and Australia have been suggested as the major reason for 
the poor performance of Hawaiian selections in Australia. Similarly, 
the Hawaiian cultivars performed poorly in California and 
M. tetraphylla or hybrid cultivars father than M. integrifolia are 
being selected for use in mainland U.S.A. (Cull, 1978)• 
Hawaii is situated at a latitude similar to that of Townsville 
(20° S) and it experiences an oceanic climate. Mean monthly 
temperatures for the year in Hilo, Hawaii, vary from 21.6°C to 24.4°C. 
By contrast, the temperature range at Nambour, Queensland is 13.8°C to 
23.8°C. Daily variations are smaller in Hawaii than in all macadamia-
growing regions in Australia and frost is not a problem. The monthly 
rainfall varies from 165mm to 395mm in Hilo and there are almost daily 
falls. Rainfall at Nambour varies from 46-302mm per month and there 
is a four month drought in spring. (Cull, 1978) 
Research by Nakata (1976) shows that temperature has an important 
effect on floral development in macadamia. Potted trees of 
M. integrifolia were grown in controlled environments of 12, 15, 18 
and 21°C. The maximum number of inflorescences to develop to maturity 
was found in trees grown at 15°-18°C. The number of inflorescences 
per tree decreased when temperatures approached 12°c or exceeded 18°C. 
Shigeura (1981) compared the average minimum temperatures in the 
months of floral initiation and development in the poor and good areas 
of macadamia culture in Hawaii with various areas in which macadamia 
are grown in Australia. Nambour, Lismore and the Aiherton Tableland 
had average minima comparable to the poor areas of production in 
Hawaii. Yields in Australia are also similar to those of the poor 
areas in Hawaii. Shigeura concluded that Bowen, Townsville, Ingham, 
Innisfail and Cairns are the areas of Australia which are climatically 
suited for use of Hawaiian cultivate in Commercial nut production. 
In subtropical Australia there are greater diurnal and seasonal 
temperature fluctuation than in Hawaii and these differences are even 
more pronounced in Inland districts, Allan and De Jager (1979) have 
stfcown that the rate of photosynthesis of macadamia is at a maximum at 
16-25°c. The rate decreased at temperatures above 26° C and was 
calculated to be zero at 41-43°C. The findings of this research are 
similar to those of Trochoulias and Lehav (1983), who studied the 
effect of temperature on vegetative growth, i.e. leaf area, height and 
stem diameter. Optimum growth occurred at 20-25°C Temperatures 
- 25 -
above 30°C or below 15°C were unfavourable for growth. These results 
indicate that poor growth and low yields can be expected in areas with 
high diurnal temperature fluctuations. The use of over-tree 
sprinkling or misting to reduce environmental heat stress is being 
tested in South Africa. The work is still incomplete, but initial 
results suggest that tree growth may be increased by these treatments 
(Allan, 1983), 
The minimum temperature that macadamia can tolerate without 
damage varies with the cultivar, the part of the plant, and the state 
of maturity of the tissue. Sites which are frost free should be 
selected as flowers and hence .crops can be cut by aerial frost. 
Daily mean temperature above the minimum temperature for growth, 
and well distributed rainfall or irrigation, are required throughout 
the periods of shell development and oil formation in the macadamia 
nut in order to obtain large, well filled nuts of good quality. 
(Allan, 1972) 
The minimum annual water requirement of the macadamia is about 
1,000mm of well distributed rainfall. Irrigation can be used to 
supplement rainfall. Trees in their native habitat receive 1,500 -
2,250mm of rainfall, mainly in summer (Allan, 1972) 
7. SOILS AND NUTRITION 
7.1 SOILS 
The macadamia is grown on a wide range of soil types. The ideal 
macadamia soil should be reasonably fertile and sufficiently loose and 
friable to permit good root growth to a depth of at least 75 cms. 
Internal drainage should be good and, if possible, soils for macadamia 
growing shou1d have a high organic content (Hami1ton and Fukanaga, 
1954). 
The soils of Hawaii vary from fragmented lava to clay loams 
interspersed with volcanic rock. The soils are recent in origin and 
are fairly heavily leached of nitrogen and phosphorous. By contrast 
well-developed old soils are used in Australia for the growing of 
macadamia trees (Cull, 1978). In northern N.S.W. the soils are red 
kraznosems, |£id these soils supported the original rainforest 
communities in which the macadamia evolved. Kranznosems are generally 
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well drained but are very acid (pH 4.5-5.5) and they are often low in 
macronutrients (e.g. calcium, manganese, phosphorus and potassium) and 
in trace elements (e.g. zinc, copper and boron) (Loebel, 1980), 
7.2 NUTRITION 
Hawaii leads the world in research on macadamia nutrition, and 
consequently, Australia follows many of the Hawaiian guidelines. 
Leaf nutrient analysis samples are taken from the second x*horl of 
fully expanded leaves back from the growing point of the most recent 
growth flush. Samples are best taken from mature terminals only, but 
if flushing commences then only before the new growth is 1-5 cm long 
(Bee, Cull and Price, 1978),! The time of 
sampling must be varied for different cultivars as this stage may be 
reached at different times. 
The critical leaf levels for the major elements in the Hawaiian 
cultivars are given by Bee, Cull and Price (1978) (see Table 9). In 
comparison with Queensland leaf levels (Queensland Department of 
Primary Industry survey, 1972-1973) thft- following observations were 
made: Nitrogen leaf level varied from 1.15-1.89% w/w and no obvious 
visible deficiency symptoms could be connected with high or low 
levels. Phosphorus content varied from 0.04-0.455% w/w, the higher 
levels being commonly associated with necrotic or chlorotic leaves. 
Potassium levels varied from 0.37-0.97% w/w. Many health trees showed 
reasonable growth and yield when leaf levels of K were approximately 
0.6% w/w. 
This suggests that the optimum level in Hawaii of 0.45% w/w K may 
be too low for Australian conditions and Bee, et al therefore adopted 
0.6% w/w K as the optimum* In Australian orchards leaf levels of the 
trace elements 2n, Cu, Mn and Fe vary from adequate to deficient, 
indicating that trace element deficiency could be a major problem. 
Boron leaf levels were all commonly below 25ppm and mostly in the 
9-12ppm range. This indicates a severe deficiency of boron in 
Queensland. 
Cull (1978) provided information on nutrient deficiency and 
toxicity symptoms based on Hawaiian experience. Phosphorus deficiency 
is characterised by dieback in the top of the tree. The lower leaves 
may appear dark green. When the P content of the leaf tissue exceeds 
0.2% w/w, chlorosis of young leaves and leaf drop occurs. P in excess 
of 0.1% w/w is considered to reduce nut quality. 
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TABLE 9 
1 Leaf Nutrient Levels of Hawaiian Cultivars 
Element 
Nitrogen 
Phosphorus 
Potassium 
Magnesium 
Calcium 
Sulphur 
Zinc 
Copper 
Manganese 
Iron 
Boron 
Deficient 
Level (% w/w) 
1.45 
0.057 
0.35 
0.06 
-
0.18 
lOppm 
-
lOppm 
20ppm 
40ppm 
Optimal 
Level 
(% w/w) 
1.3 
.07-.08 
0.45 
0.1 
0.6-0.9 
0.24 
15ppm 
4-5ppm 
lOOppm 
-
75ppm 
i 
Excess 
(%) 
-
0.11 
-
-
-
-
-
-
l,500ppm 
-
lOOppm 
Boron deffeiency is characterised by the foliage having small, yellow 
leaves and by blackening of the growing points. A deficiency of zinc 
also causes dieback and is characterised by tufts of leaves at the 
tips of otherwise bare branches. High levels of P may also induce 
deficiencies of magnesium and iron. Magnesium deficiency shows as a 
chlorotic mottle on the older leaves and iron deficiency as pale new 
growth. The symptoms of pot^sium deficiency are a rapid decline in 
the vigor of the tree and necrosis of the leaf margins. 
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A varietal difference in leaf levels of K was reported from trees 
showing no foliar symptoms* For example, H2 had K levels of 
0.59-0.60% w/w, Own Choice had levels of 0.98-0.99% and HAES 508 had 
0.77-0.83%K. (Bee, CuU and Price, 1978). A cultivar response in 
susceptibility to K deficiency was also reported in Hawaii by Cooll, 
Nakata and Awada (1956) as evidenced by growth responses and leaf 
compositions. For example, HAES 508 and HAES 246 respond similarly to 
K and they show deficiency symptoms before other cultivars. HAES 386 
and HAES 425 require higher rates of nitrogen to maintain growth than 
do all the other major Hawaiian cultivars. HAES 425 also has a higher 
phosphorus requirement. 
Cull (1982) has provided a detailed fertiliser program based on 
experience, leaf analysis and soil analysis. A summary of this 
schedule is as follows: 
The aim of applications in years 1-5 is to maximise vegetative 
growth as, in due course, nut yields will be directly related to tree 
size. Macadamia has major growth flushes in spring and mid-summer, 
but there is some growth during most of the year. Applications of 
nutrients and water should be made to keep growth as continuous as 
possible. N and K should be applied in equal amounts in February, 
April, July, October and December. P, Ca, Mg, Cu and Zn can be 
applied in one annual dressing in March or April: 
The object of applications in year 6 and onwards is to encourage 
vegetative growth in the mid-summer flush. High levels of nutrition 
should be maintained in winter so as to lay down reserves for the next 
flowering and fruiting season. Active vegetative growth during 
flowering, or soon after, is thought to be at the expense of nut 
development and oil formation during the Decembe&KJanuary period. 
Nitrogen is applied as follows; 50% in February, 25% in April and 25% 
in Octobe^. Potassium is appliJUi as 33.3% in February, April and 
October. The October application is timed to coincide wiA the 
commencement of rapid nut development. 
Actual rates of nutrient application are determined by leaf 
analysis, soil analysis or, less desirably, by using a standard rate 
of application of tree age. 
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8. PROTEOID ROOTS 
Proteoid roots are bunches of hairy rootlets produced on the root 
systems of certain species. The proteoid roots occur as dense 
clusters of determinant rootlets and they w e formed in longitudinal 
rows. 
Proteoid roots are a characteristic of the family Proteaceae and 
are found in 308 species of 24 genera from Australia and South Africa 
(Lamont, 1982), Only members of the primitive tribe, Persoonieae, 
lack proteoid roots. Proteoid roots have also been reported in the 
species, Viminaria juncea, of the family Papilionaceae (Lamont, 
1972c). 
The proteoid roots of Hakea and Telopea are produced at intervals 
along any lateral of an adventitious branch root (Lamont, 1972a) -
They may be 2-2Qmm in length and 3-70mm at their widest diameter. The 
proteoid rootlets arise in longitudinal rows opposite every protoxylem 
arch in the parent root and they emerge by breaking through the 
cortex. There may be 100 to 260 rootlets per cm of proteoid root in 
species of Hakea. 
Proteoid roots occur on macadamia but little is known about the 
importance of such roots in the nutrition of plants in cultivation. 
Reports from nurseryman in California are that vigorous seedlings have 
many more regions of proteoid roots than poorly growing plants, and 
that proteoid roots are considered essential for rootstock development 
(Malcolm and Trochoulias, 1982) . The proteoM iroots of macadamia are 
concentrated in th# uppermost 10cm of the soil, especially in the 
region of actively decomposing litter. The occurrence of proteoid 
roots ixi the upper layers of the soil was also reported in Hakea 
pro strata and H. laurina (Lamont, 1973) . Proteoid roots may form a 
dense mat at the soil surface and can be regarded as an adaptation for 
trapping nutrients which become available from decomposing litter. 
Proteoid roots may have more than five times the surface area of 
an equivalent dry weight of non-proteoid roots (Lamont, 1982). 
Nutrient uptake experiments involving proteoid roots have concentrated 
on phosphorus, the limiting nutrient in sclerophyll vegetation. Most 
experiments show that uptake by proteoid roots is at least twice that 
of non-proteoid roots per unit dry weight. This superiority in uptake 
is maintained even at high phosphorus levels in water culture, but 
remains below that of barley roots, possibly because of reduced 
phosphorus supply to the centre of the proteoid root mass (Lamont, 
1982). 
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The effects of the presence or absence of proteoid roots on plant 
growth have been studied in an experiment with Banksia grandis. The 
dry weight of shoots of plants with proteoid roots and without 
proteoid roots were respectively 1.22g and 0.67g, a difference which 
was significant at the 1% level (Malajezuh and Bowen, 1974). 
The morphology of the proteoid root mass is ideal for capturing 
and holding soil water prior to absorption, A favourable rhizosphere 
environment can be created by the proteoid root's ability to adhere to 
sand grains, rock, humus particles and raw litter. Within the 
rhizosphere the rate of nutrient release from the soil is maximised 
and prolonged as compared with the environment of unclustered roots. 
There is evidence of enhanced activity of phosphatase, an enzyme which 
catalyses the release of phosphorus from organically bound forms, 
occurring within t M proteoid root. 'These factors, together with the 
low rate of diffusion of phosphorus into the clustered root mass, 
indicate that the major source of nutrients lies within the 
interstices of proteoid root mass (Lament, 1982). ' 
The proportion of the root system accounted for by proteoid roots 
varies with the fertility of the soil. In infertile soils proteoid 
roots may contribute up to 80% of the dry weight of the new seasons 
roots, but in fertile soils proteoid roots may be absent. 
Observations on plants of equal size, but varying in the concentration 
of nitrogen and phosphorus in their leaf tissues, have shown that the 
nutrient status of the plant greatly influences formation of proteoid 
roots (Lamont, 1972b). 
The causal agent of proteoid root development has not been 
determined. Applications of antibiotics to plants indicate that 
bacteria in the rhizosphere are likely to be responsible for proteoid 
root initiation rather than* fungi or actinomycetes. Microscopic 
examination has not revealed any infecting organisms within the 
proteoid root. The large numbers of microbes in the surface soil 
horizons may be responsible for the abundance of proteoid roots in 
these regions (Lament and McComb, 1974). 
Malajezuk and Bowen (1974) used aseptic soil to grow seedlings of 
Banksia grandis. Half of the population was inoculated with water in 
which proteoid root masses had been rinsed. The plants in the 
inoculated pots all produced proteoid roots, but plants which were not 
inoculated produced only normal roots. None of the proteoid roots 
which were sectioned were found to be infected with bacteria or fungi 
(NB: No page no. 31) 
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and i& was concluded that the formation of proteoid roots may be 
triggered by the non-specific effects of various soil microorganisms. 
The causal organism was not isolated but microscopic observation of 
the media showed the rhizosphere to be dominated by bacteria. 
The development of proteoid roots has been reported in aseptic 
cultures of Protea nerifolia (Van Staden et al, 1981)* ThiJl suggests 
that an infecting organism is not the cause of proteoid root 
development, rather, there may be an indirect relationship between the 
plant and microorganism which involves a chemical stimulus. 
The role of proteoid roots iu the nutrition of the macadamia has 
not been investigated. The presence of proteoid roots is evidently 
advantageous for seedling establishment, but under managed orchard 
conditions with good fertiliser application the contribution of the 
proteoid roots to the overall nutrition is likely to be small. 
However, in low fertility situations the presence of proteoid roots 
could be advantageous* 
9. PROPAGATION 
Macadamia is generally vegetatively propagated by grafting scions 
from superior clones onto seedling rootstocks* Many methods of 
grafting and budding have been successfully used with macadamia. 
These include seed grafting in which a scion is inserted into the base 
of the radicle of the germinating seed. However, this method has a 
low rate of success due to fungal infection and breaking of the 
plant at the graft union. Other methods of grafting commonly 
used are: side wedge, side veneer, cleft and whip grafts. Methods of 
budding which were successful include: .pinch, patch and chip budding 
(Trochoulias, 1980). 
The level of carbohydrate in the scion wood is mentioned by a 
number of authors as being important for achieving a high proportion 
g£ successful grafts (James, Makaimoku and Price, 1970; Cull, 1978; 
Leigh, 1971 and Hamilton and Fukunaga, 1959). Branches on the mother 
trees should be girdled 4-6 weeks*, fee fore scions are taken. Firstly, a 
ring of bark about 2-3 cm wide is removed from around the branch and 
then the inner bark scraped off. JEhis cincture prevents carbohydrates 
formed in ifche leaves from being transported back into the main part of 
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the tree and there is an accumulation of carbohydrate distal to the 
ring. Following girdling the level of starch in the wood of 
M, integrifolia and M. tetraphylla increased steadily, reaching a peak 
after 30 days followed by a steady decrease up to 70 days after 
girdling (James, Makaimoku and Price, 1970). No work has been done to 
detect other changes in girdled wood; for example, changes in hormone 
concentrations which may be related to the improvement in the 
percentage of graft success. 
Cormack and Bate (1976) studied the fluctuation in levels of 
total non-structural carbohydrate in the wood, bark and leaves of the 
cultivar HAES 508 for a complete season. There were peaks in reserves 
during winter and raid-summer, followed by depletion phases coinciding 
with growth flushes* 
There is some uncertainty as to the best rootstock for macadamia 
because there has been no systematic investigation of performance of 
the various cultivars when grafted onto different rootstocks. 
M. tetraphylla is most widely used as a seedling rootstock because it 
germinates readily in the nursery and because it is more uniform and 
more vigorous than M. integrifolia. 
M. tetraphylla is more resistant to infection by Phytopthora 
cinnamomi than M. integrifolia (Storey, 1976). Work at the University 
of California showed that cultivars of M. integrifolia on 
M. tetraphy1la rootstocks developed Into satisfactory trees in nearly 
all situations as did M. tetraphylla on M. tetraphylla. On the other 
hand some M. tetraphylla cultivars on M. integrifolia rootstocks 
lacked vigour and became chorotic on some soil types. There are 
indications that M. tetraphylla has higher mineral nutrition 
requirements than M. integrifolia. 
Brewer Orchards, the largest producer in Hawaii, is using 
M. tetraphylla rootstocks In new plantings which are being developed 
in Guatemala, but this company uses seed of the |t» integrifolia 
selection, Bond 23, for rootstocks in Hawaii (Cull, 1978). 
Trials have been established in Israel to find rootstocks 
suitable for calcareous, heavy or poorly drained soils. Experience in 
Israel is that most trees suffered from lima—induced chlorosis when 
grown on calcareous soils. Seedlings from the cultivar Kona 778 have 
shown promise as rootstocks under these conditions (Kadman, 1982). 
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Seeds recently harvested may be planted directly, but seeds kept 
to storage germinate more rapidly and uniformly if soaked in water for 
48-72 hours. Seeds can be stored in plastic bags at 12°C for at least 
one year before losing viability (Hamilton and Sahwaka, 1976). The 
orientation of the seed is considered to be important in achieving 
uniform germination. The seed should be set on it* side but the 
position of the ventral suture, whether to the top or bottom, seems to 
be unimportant (Storey, 1980). Seeds should be undamaged because they 
are readily attacked by fungi if cracked (Hartman and Kester, 1977). 
Distinct differences were found between the various cultivars in 
the rate of germination (Kadman and Jof f e, 1982). In the three 
fastest germinating cultivars, the rate of emergence of seedlings 
after 5 weeks was 89% for Beaumont, 82% for Bond 23 and 64% for 
Elimbah. The two slowest cultivars, HAES 508 and Greber, started to 
germinate after 4 Ipeeks and achieved respectively 67% and 64% of 
seedling emergence at 9 weeks. 
The propagation of many macadamia cultivars by cuttings is 
possible but with varying degrees of difficulty. Cormack and Bate 
(1977a) examined the regeneration of stem cuttings of 6 cultivars, 
namely HAES 333, Beaumont, HAES 246, Elimbah, HAES 508 and HAES 660. 
Generally, cuttings of all six cultivars rooted well in winter, but 
cuttings taken in early summer were more difficult to root. The 
presence of high carbohydrate levels within cuttings was advantageous 
when poor adventitious root formation was expected. HAES 333 and 
Beaumont were classified as easy to root, HAES 246 and Elimbah as 
fairly easy and HAES 508 and HAES 660 as relatively difficult. 
Hardwood and serai-hardwood cutting of all sizes were successfully 
rooted under mist. The use of bottom heat and the application of 
root-promoting substances i.e. IBA (Y-indolebutyric acid) as a powder 
or concentrated solution, was recommended. 
An examination of the re-growth of stem cuttings of 
M. integrifolia cultivars showed that in many cases significant growth 
did not commence until the following spring, i.e. 8-12 months after 
the cuttings had 'struck'. Cuttings of large diameters showed the 
most vigorous root development (Cormack and Bate, 1977a). 
Trees grown from cuttings are said to have shallow root systems 
and poor anchorage. It is suggested that this could be overcome in 
the nursery (Cormack and Bate, 1977a), but the method of overcoming 
the poor root system is not stated. Presumably it involves 
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air-pruning to stop tap root development and to encourage a lateral 
root system- Cormack and Bate suggest that Beaumont and HAES 333 
could be grown on their own roots and that these cultivars might be 
useful as clonal rootstocks. 
10. SPACING AND TRAINING 
The macadamia is a recently developed commercial crop and 
detailed information is not yet available upon which to make decisions 
on the management of mature trees. For example, the first major 
plantings of grafted trees in Australian are 12-15 years of age and 
tree crowding problems have only just commenced (Cull et al, 1983) • 
In the selection of new cultivars, the University of Hawaii is 
placing great emphasis on upright habit so as to delay the onset of 
crowding within the canopies of adjacent trees and its associated 
effects on reducing yields (Cull, 1978). 
Tree height may be controlled with growth retardants or by 
mechanical topping and hedging. However, these treatments are 
expensive and result in decreased yields• For example, in an 
experiment by C. Brewer Orchards, Hawaii, with blocks of 15 year old 
trees at a spacing of 7.6 x 7.6m, hedging resulted in yield losses of 
23% in the second year and a 16% loss in the third year of the trial 
(Cull, 1978). 
The use of growth regulators to prevent terminal shoot 
development and to induce the sprouting of axillary buds was 
investigated by Boswell, Nauer and Storey (1981). PBA (6-benzlamino -
9-2 (tetrahydropyranyl) - 9H purine) and BA (benzyladenine) were found 
to be most effective in promoting shoot emergence. 
An alternative approach to the management of spacing is tree 
removal (thinning) as crowding occurs. The initial spacing used by C. 
Brewer Orchards in Hawaii was 7.6 x 7.6m (170 trees/ha) but, later, a 
spacing of 9.1 x 9.lm, with one central inter-plant, was adopted. 
This gives 238 trees/ha. The central inter-plant is removed as 
crowding occurs (Cull, 1978). This approach may reflect the results 
of work completed in Kona", Hawaii, where trees of HAES 508 and HAES 
246 were planted at 7.6 x 7.6m but were thinned later to a spacing of 
10.8 x 10.8m (87 trees/ha). It was shown that HAES 246 is greatly 
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influenced by crowding. Production per tree more than doubled in the 
year following thinning and yield was increased from 6630 kg ha " to 
9309 kg ha" * The response of HAES 508 to thinning was less marked. 
The management of young trees in Hawaii and Australia is similar 
in that a central leader with L-shaped laterals is encouraged in the 
first 2-3 years after planting. After this initial training no 
further training treatments are applied (Cull, 1978). At the time of 
planting the tree is cut back to a single stem about lm high. The 
upper 3 buds in the uppermost node will then emerge to produce 3 new 
shoots. The most vigorous of these shoots is retained and it develops 
as the leader. The development of sharp V-shaped crotches is avoided 
because of their lack of structural strength, wide L-shaped crotches 
are stronger. The lowest branches should be placed at about 90cm 
above ground levsl and successive lateral branches should be spaced at 
45-60cm intervals up the trunk (Hamilton and Fukunaga, 1959). 
Wide crotched, L-shape& laterals will develop at the base of each 
flush. The base of a flush can be recognised by colour differences in 
the mature wood and because the first node lacks leaves. Shoots 
emerging from leaf axils situated distally to the base of the flush 
usually grow out in response to damage to the terminal bud or in 
response to pruning. These shoots are generally vigorous and have 
V-shaped crotches. Up to 5 buds arranged longitudinally on the branch 
occur An each leaf axil* The most distal of these will develop first, 
but removal of this shoot will encourage development of the second bud 
which has a more* Ir-shaped crotch (Shigeura, 1960) . 
11. NUT MATURITY AND HARVESTING 
Maturity of the nut* at harvest is an important factor in 
determining the final quality of the nut. This is particularly 
important with the use of tree shakers where the ease of nut removal 
is more closely related to the position of the nut on the tree than to 
nut maturity. 
Maturity is judged by experience, by nut sampling or by quality 
testing. A quick test which is widely used in Hawaii consists of 
drying a sample of the :*mts at 71°C-81°C for 24 hours so as to lower 
the moisture percentage to 2-3%. This allows testing for No. 1 grade 
srnels (i.e.kernels that float in tap wat«af, indicating a high oil 
content) and gives a good indication of quality within 2 days of 
picking (Cull, 1978). 
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The colour of the inside membrane of the husk can also be used as 
a rough guide to maturity, Thisv imembrane turns reddish-brown during 
the final stages of nut maturation, commencing at the micropyle. When 
coloration is obvious the nuts are usually mature. In selecting nuts 
for maturity testing it is important to note that the stage of 
maturity varies from tree to tree within a cultivar, between cul£ivars 
and from season to season* 
There is evidence from Hawaii that the time taken for nuts to 
reach full maturity increases with altitude. At high altitudes the 
period from the beginning of nut drop to full maturity is long. In 
such localities it may not be possible to harvest by tree-shaking due 
to the high proportion of immature nuts in the harvest. 
A range of techniques is used for harvesting and includes, hand 
picking, sweeper and pick-up machines, catching nuts in nets and 
tree-shaking machines with catching nets. Sweeper and pick-up 
machines are widely used in Australia. As all the nuts do not fall at 
once, harvesting usually extends over 3-4 months with a number of 
harvests required to collect the whole crop. Nuts can be left on the 
ground for one month before there is damage due to sun exposure 
(Mason, 1983). The time of harvest is critical for tree-shaking to be 
successful because a uniform level of maturation must be reached to 
ensure high quality. There is a variation between cultivars in 
response to shaking. For example, HAES 660 will release 90-95% of 
nuts with one shake but HAES 246 gives only 50-60% release with the 
same treatment. 
Ethephon, a compound which promotes nut release, has been 
investigated as an aid to harvesting. The effect of ethephon on the 
release of nuts from the cultivar Beaumont was tested by Kadman and 
Ben Tal (1983). The nuts of this cultivar do not drop naturally but 
remain attached to the tree $rtie re they ofteM germinate. Sprays of 
ethephon applied at the beginning of the harvest season resulted in 
more than 90% nut drop without causing damage to foliage or to the 
crop in the next two years. The treatment applied was a 500ppm 
(R) 
solution of Ethrel at pH 7.0. In Australia treatment of the 
cultivar Own Choice (which retains a high proportion of the nuts on 
the tree) in April with Ethephon (1200-2000mgl ) resulted in a 
significant nut fall 5 days after application with a maximum at 14 
days after application. (Trochoulias, Murison and Loebel, 1983). 
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Other trials using ethephon in Hawaii have not been so 
successful. Applications of solutions of ethephon at 700-1000ppm 
resulted to a 10% increase in drop when trees were shaken by machine 
(Cull, 1978). 
12. PESTS AMD DISEASES 
A limiting factor to the production of macadamia nuts in 
J&iii:ralia and elsewhere is the numerous pests which attack the plant. 
Ten species of vertebrates, 4 species of mites and over 330 species of 
insects are listed by Mitchell and Ironside (1982) as attacking the 
flower, foliage or nuts of macadamia. 
Vertebrate pests causing significant losses include pigs and 
rats. These animals feed on the fallen nuts. 
Two species of beetle are considered serious pests in Australia; 
(i) the adult red-shouldered beetle (Monolepta australis) which 
attacks the flowers, young shoots and foliage and, (i i) the Fuller 
rose beetle (Pantomorus cervinus) which feeds on the foliage. 
Some of the most serious pests of macadamia are the coccid, 
pentatormid and tingid bugs of the order Hemiptera which damage 
flowers, terminal growth and nuts with their piercing mouth-parts. 
Among this group the macadamia felted coccid (Eriococcus ironsidei) is 
an important example. Other bugs which attack the macadamia in 
JSSStealia are the f ruit-spotting bug (Amblypelta nitida), the 
banana-spotting bud (Amblypelta lutescens) and the green vegetable bug 
(Nezara viridula). All three of these species can penetrate the hard 
shell of the nut and reach the kernel within minutes of commencing 
their attack. In South Af&ica the coconut bug (Pseudotheraptus wayi) 
and thei southern green stink bug are serious pests. 
In the order Homoptera there are seven species of aphid, 
leaf hopper, scale and mealybug that are considered serious pests of 
macadamia. 
Five species of Hymenoptera have been rated as serious pests. 
Leaf-cutting ants (Atla spp.) are the most serious pests of macadamia 
in Central America. 
The larvae of moths and butterflies (order: Lepidoptera) 
constitute the largest number of pests. The macadamia flower 
caterpiller (Homoeosoma vagella) is amongst the most serious pest in 
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Australia* Twenty four species of moths are known to be foliage 
feeders, including leaf miners, twig girdlers and defoliators. In 
Australia the blotch leaf miner of macadamia (Acrocercops chionosema) 
can cause serious damage to young trees. The twig girdler (Neodrepta 
luteotactella) skeletonises leaves and girdles branches at the base of 
the leaf whorl. The lepidopterous nut and husk borers are among the 
most id.despread and well known pests and have been reported in all 
countries in which macadamias are grown. Some of the more important 
jtti^ ts are the Carob moth (Spectrobates ceratoniae) and the Litchi moth 
(Argyroploce pellastica) in South Africa? the macadami$ nut borer 
(Crytophlebia ombrodelta) and the Cornelian butterfly (Deudorix 
epijarbas diovis) in Australia, and the Hoa seed worm (Cryptophlebia 
illepeda) in Hawaii. 
Broad mite, red mite and black mite are all considered serious 
pests during flowering and in periods of dry weather. 
Many of the important pests of macadamia have numerous parasites 
and predators which tend to limit pest populations and, in some 
localities, a relatively effective biological control of pest species 
has been obtained. 
The macadamia is resistant to most fungal diseases. Phytophthora 
trunk canker (P. cinnamomi) occurs widely but can be prevented by 
protecting the stems against mechanical damage. Botrytis sp. is known 
to affect mature flowers and occurs during rainy and cool conditions. 
Phytophthora palmivora and P. parasitica occurs in Hawaii where they 
attacM the rachis and peduncle during the early stage of nut set 
(Cull, 1978). 
13. DISCUSSION AND CONCLUSIONS 
It can be seen from the proceeding review of the literature that 
the yield and quality of macadamia nuts produced by the Hawaiian 
cultivars is closely related to environmental factors. In Hawaii, 
certain cultivars are found to crop better within particular 
altitudinal ranges. In Australia, where the Hawaiian cultivars are 
grown under conditions which are grossly dissimilar to those in 
Hawaii* the yield of nuts is about half that of Hawaiian orchards. 
Yield in macadamia is subject to a strong genotype-environment 
interaction. Accordingly, there is a need to undertake variety trials 
at many locations in Australia, with both Hawaiian and Australian 
selections, in order to select the best cultivar for each region. The 
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need for variety trials is also indicated by the work of Shigeura 
(1981) who, after studying the relationship between flowering and 
minimum temperatures, suggested that Australian plantings of Hawaiian 
cultivars are located in the wrong regions and that Bowen, Townsville, 
Ingham and Cairns are climatically better suited to macadamia «lture 
than southern Queensland or northern N.S.W*. To date, only 2 variety 
trials under Australian conditions have been reported in the 
literature, both in southern Queensland. 
in view of the poor performance of Hawaiian cultivars in 
Australia the need for the development of new cultivars suited to 
Australian environmental conditions is evident- This work has been 
undertaken on a small scale by government research bodies and by 
private growers in Queensland and N.S.W. The seedling progeny of a 
number of cultivars is being tested. 
A major problem which arises in macadamia breeding programs is 
the long generation cycle due to the extended period of juvenility. 
The availability of techniques for induction of precocious flowering 
in seedlings would enable early selection of the seedling populations 
for nut characteristics and would greatly accelerate the progress of 
macadamia improvement. To achieve this aim an understanding of the 
physiology of flowering in macadamia, is needed. So far, most work on 
reproductive physiology has been concerned with pollination and early 
nut development of macadamia. Three major problems associated with 
flowering and fruit set have been identified (i) self-incompatibility. 
This problem can be alleviated by the interplanting of cultivars. ii) 
The transfer of pollen ifc the orchard. Ins#pt poller vectors are 
required to transfer pollen between flowers of different cultivars and 
the placing of bee hives in the orchard is a practiogl method of 
meeting this requirement, iii) Premature nut drop, this problem is 
not yet understood and further research is required. 
The need for macadamia trees of small stature has recently become 
apparent in Australian orchards. Light interception is an important 
factor in determining yield and nut quality and mutual shading id-thin 
rows and between rows has a detr&aental effect on production. Small 
trees require less complex spray application techniques than do large 
trees to ensure good chemical coverage, and compact trees are 
structurally stronger and less prone to wind damage than large trees 
(Cull, Stephenson and Winks, 1983). In addition, the use of compact 
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trees in high density plantings might provide a solution to the 
problems of (i) the low yields of Hawaiian cultivars when grown in 
Australia and <£&} the low yields/tree obtained in the early years of 
production (year 6 onwards). 
New intensive methods of tree training and tree arrangement are 
being investigated in Australia/ but no commercially viable techniques 
are available at present. Moreover, it seems unlikely that 
manipulation of existing cultivars will provide acceptable management 
systems because of the high inputs of labour involved and because 
pruning of macadamia trees leads to a reduction of yield (page 35). 
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PART TWO 
EXPERIMENTAL WORK ON THE FLORAL DEVELOPMENT, PROPAGATION 
AND BREEDING OF MACADAMIA 
it INTRODUCTION 
One of the aims of the research to be reported in this thesis was 
to provide basic knowledge on which future work on the initiation of 
flowerinf jtn macadamia can be based- Accordingly, a study was made of 
the anatomical development of the inflorescence and flower of 
macadamia, from initiation to anthesis, using the scanning electron 
microscope• 
The second objective of the research described in this thesis was 
to develop a technique for micropropagation of macadamia cultivars. 
The aims of this work were twofold: (i) to devise procedures for rapid 
plant multiplication in vitro and (ii) to utilise the proliferation of 
axillary meristems, as occurs in micropropagation, as a means of 
purifying chimeras induced by y-irradiation. 
The multiplication of adult macadamia trees of proven performance 
is normally by budding or grafting. Hardwood cuttings of adult 
macadamia. trees will develop adventitious roots under some conditions 
but the rate of root development is very slow and the^root systems of 
cuttings are reputed to be weak. Propagation by cuttings is rarely 
used in commercial operations- Methods of plant propagation in vitro 
have been developed for a number of commercial fruit: and nut cultivars 
but have yet to be developed for macadamia. Most 'micropropagation1 
techniques involve the culture of explants, such as shoot tips or 
nodal segments, on cytokininr*^ich media and the production of large 
numbers of shoots through the outgrowth of axillary meristems. These 
shoots are excised and are either sub-cultured on cytokinin-rich media 
to stimulate continued axillary shoot outgrowth or they are made into 
microcuttings and are induced to form adventitious^ aroots. The rooting 
of microcuttings may be achieved in vitro by culture on an auxin-rich 
media or the microcuttings may be propagated by conventional mist 
propagation. 
Juvenilis is an important factor in relation to vegetative 
propagation of trees- The juvenile phase is frequently characterised 
by morphological features such as dentate leaf margins $ opposite 
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pairing o§ leaves and unique leaf shape iaa the case of 
M. integrifolia. Juvenile trees do not initiate flowers and 
vegetative propagation by cuttings is readily achieved. Upon 
transition to the adult phase the leaf^ of M. integrifolia 
characteristically becomes oblanceolate or obovate, the leaf margins 
are smooth and 3 leaves are arranged radially at each node. In the 
adult phase the capacity for vegetative propagation decreases. 
The transition from tl|p juvenile to the adult phase appears to be 
reversible in vitro, at least to some extent, and it is common for 
tissue of adult trees to regain the ability to produce adventitious 
roots (Jones, 1983). Most information on re j uvenation in vitro 
relates to apple trees. 
Sriskandarajah et al (1982) reported that raicrocutfeings of 
Jonathon produced by the initial cultures had a very low potential for 
adventitous rooting (2-5%) but continuing sub-culture under conditions 
of high temperature and 24 h illumination led to a progressive 
increase in adventitious root formation. This progressive improvement 
in ability to form roots was associated with a progressive decline in 
endogenous levels of gibberellin and abscisic acid, factors which are 
known to inhibit initiation o£ adventitious root primordia. 
The regeneration of plantlets from callus cells* initiated from 
explants from any part of a plant, can be induced by the formation in 
vitro of adventitious buds and adventitious roots -or through the 
formation of somatic embryo. This technique has the potential for 
very high multiplication rates and could be useful on cultivar 
breeding work through the expression of somaclonal variation. 
A third aim of this research was to lay the foundation for 
genetic improvement of macadamia by mutation breeding. 
An alternative method to plant improvement by hybridisation is 
the selection of superior mutants of existing genotypes. These 
mutants may be either naturally occurring or they may be induced by 
physical mutagens (e.g. ionising radiation) or chemical mutagens (e.g. 
ethyl-methane sulphonate or sodium aside) • The long generation cycle 
and high degree of heterozygosity of macadamia makes conventional 
cross-breeding programs time-consuming and unpredictable and mutation 
breeding is an attractive alternative. Naturally occurring mutations 
of cultivars of macadamia have not been recorded and no work has yet 
been undertaken on the induction of mutations by artifical means. 
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The first step in undertaking a mutation breeding programme using 
ionising-irradiation, is to gain an understanding of the 
radiosensitivity of the cultivars to be studied, A variety of factors 
is involved in determing the radiosensitivity of plant tissues • 
Radiosen«Ativity is positively correlated with the nucleus volume, the 
number of chromosomes and the ploidy level. Also, genetic factors, 
climatic and other environmental conditions, both before and after 
treatment, as well as the maturity of the shoot (softwood, 
semi-hardwood or hardwood) , all have marked effects on the sensitivity 
of tissues to ionising radiation. (Broextjes and Van Harten, 1978). 
The dose-rate of irradiation is an important factor. The degree of 
physical damage at a particular dose is greater at a high dose rate 
(480 kr hr" ) than at a moderate dose rate (1 kr hr ). (Lacey, 
1980). The LDcn °f young peach seedlings increased from 3.2kr to 
15.0fc£ upon lowering the dose rate of Y~irradiation from 880 to 14 
r min (Lapins, 1972). 
For mutation research with macadamia it is necessary to select an 
optimum dose of y-irradiation, i.e.a compromise between a low dose with 
100% survival of the irradiated tissues and low mutation frequency, 
and a high dose with low survival and I|§gh mutation frequency. High 
doses may result in a high proportion of gross mutations which are 
deleterious but moderate doses tend to produce a higher proportion of 
point mutations (Lapins, 1973). The^optimum dose for production of 
useful mutations is usually near the LDcn °f "*:ne species being 
studied. 
When an apical meristem is subjected to ionising radiation only a 
small proportion of the meristematic cells undergo mutation and the 
extension shoot which is produced by an irradiated apex may contain a 
mixture of mutant and normal tissues, that is, the shoot is chimeric 
in structure. Mutants are expressed only when mutant tissues 
participate in the formation of axillary buds. The chimeric structure 
may be periclinal if a complete tissue layer is affected or, 
mericlinal if the mutant tissue is confined to a sector within a 
layer. In addition to chimerism and permanent genetic changes the 
regrowth from an irradiated bud (first generation shoot or Ml) will 
show trans ient s ymptoms o f radiation damage such as stunting # 
distorted leaves or divided stema| due to damage to the apical 
meristem. 
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The chief problem in mutation breeding is the identification, 
propagation, and purification of mericlinal chimeras originating in a 
multicellular meristenu The production of periclinal chimeras or 
solid mutants from a mericlinal chimera is achieved by using scions or 
buds from the Ml shoot to propagate a second generation (or M2) of 
irradiated plants. Thus, the axillary buds, which may be formed from 
mutated tissue, can be grown-out for subsequent evaluation in the 
selection stage of the experiment (Lacey, 1980). 
The selection of •dwarf' genotypes or compact somatic mutants 
which retain the desirable characteristics of currently-used cultivars 
would be an ideal solution to the problerifc of tree size management. 
Dwarfism is one of the most common aberrant phenotypes induced in 
fruit and nut cultivars by mutagenic agents (Hansche and Beres, 1980). 
Therefore, it was proposed that a mutation breeding programme be 
undertaken, aimed in the long term, at the selection of dwarf or 
compact forms of some Hawaiian and Australian cultivars. The 
immediate objective of work undertaken for this thesis was to 
determine the radiosensitivity of macadamia and to select an optimum 
dose of y-irradiation for future work. 
2. INFLORESCENCE AMD FLOWER INITIATION AND DEVELOPMENT IN 
MACADAMIA INTEGRIFOLIA: A SCANNING ELECTRON MICROCOPE STUDY 
2.1 Introduction 
The structure and anatomy of the macadamia flower has been 
previously described by Kausik (1938) and Urata (1954), and the stages 
of opening of ttem flower were illustrated by Vogel (1957). A scanning 
electron microscope study of the flower and flower parts at anthesis 
was undertaken by Scholfield (1982), but a detailed description of the 
developmental anatomy of macadamia flowering from initiation to 
anthesis has not been published* Moncur, Stephenson and Trochoulias 
(1983) suggest that there are 4 distinct stages in the flowering of 
macadamia, i.e. bud initiation, dormancy, raceme elongation and 
flowering, but their paper makes no mention of the methods used to 
discern these stages or of the anatomical characters concerned. 
The aims of this study were twofold; (i) to establish a simple 
technique for the preparation of specimens of macadamia for 
examination under a Scanning Electron Microscope (SEM), and p.i) to 
- 46 -
illustrate and clarify the anatomy of the inflorescence and flower 
from induction to anthesis. The advantages of Scanning Electron -
microscopy are the clarity of the images and their 3-dimensional 
appearance associated with a large depth of focus. 
2.2 Materials and Methods 
Samples of mature 2-3 year old macadamia branches bearing buds 
likely to become floral, and of flowers at various stages of 
development, were collected during July to September, 1983 and at 
intervals of 2-3 weeks from March to July, 1984 from the orchard of 
Mr. A. Lowndes, Dural, N.S.W. Trees were of the cultivars Own Choice 
and HAES 344. 
The specimens were prepared by two methods: 
1) The procedure of Kelly et al (1973): 
Fixation in 3% glutaraldehyde in .05m phosphate buffer 
pH 6.8 for 24 hours 
Rinse in phosphate buffer for 15 minutes 
Post-fixation in 1% buffered OsO, for 1 hour 
4 
Rinse 5-10 times (over a period of 15 minutes) in buffer 
Incubate tissue in freshly made-up 1% aqueous saturated TCH 
(Thiocarbohydrazide) for 10 minutes at 50°C. 
Rinse 5-10 times (over a period of 15 minutes) in distilled water 
Incubate tissue in 1% OsO aqueous solution for 30 minutes 
Rinse 5-10 times (over a period of 15 minutes) in distilled water 
Dehydrate in an acetone series (30%, 50%, 70%, 100%). 
Critical-point-dry with CO . 
Mount and sputter coat with gold or palladium to render 
conductive. 
This method gave good results but was very time-consuming. The second 
simplified method was adopted in the later half of the project and was 
found to give satisfactory results. 
2) Simplified Method: 
Fixation in 3% glutaraldyhydei in 0.05M phosphate buffer, 
pH 6.8 for 24 hours 
Rinse in 0.05M phosphate buffer pH 6.8 for 15 minutes 
Dehydrate in an acetone series (10%, 30%, 50%, 70%, 100%) 
Critical-point-dry with CO . 
*20 nodes were collected at each sample time and 15-20 of the best 
prepared individual buds subsequently examined under the S.Ejgk 
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Mount and sputter coat with gold or palladium to render 
conductive. 
Dissection of the buds was carried out under a dissecting microscope 
after critical-point-drying (CPD). Dissection was made difficult by 
the tomentum or thick layer of hair 'which covers the leaf priraordia 
and bracts and obscures the meristematic apex. However, after CPD the 
material is extremely brittle and the covering hairs, bracts or leaf 
primordia could easily be removed using fine dissecting needles. 
Examination of the specimens was made with a JEOL 35C Scanning 
Electron Microscope at an accelerating voltage of 8kv. Relatively low 
magnifications up to 500X were used. Micrographs were taken with 
Ilford FP4 film. 
2.3 Results and Discussion 
Macadamia trees at Dural, N.S.W. reached anthesis in September-
October, 1983, the expected month of peak flowering of trees in this 
location (Lowndes, pers comm.). The first evidence of inflorescence 
initiation was found in buds taken in late June and early July, 1984. 
If anthesis occurs at the expected time it follows that there is a 4 
month period between initiation and anthesis. 
The inflorescence of macadamia are borne on mature branches which 
develop from growth flushes made in the previous 2-3 seasons. 
Normally, vegetative growth is restricted to the terminal bud or buds 
a© fresh growth near to the terminal bud. The pruning of a branch or 
damage of the terminal bud will also stimulate vegetative growth of 
the most ^ listal axillary buds. Therefore, any buds borne on old wood 
(2-3 seasons) which are not immedaitely proximal to the terminal bud 
can be confidently assumed to be resting or floral. 
From observation of nodes stimulated to develop under the 
influence of cytokinins in culture (see page 76) up to 5 buds occur in 
the axil of each leaf, but under natural conditions only the 2 most 
distal buds usually develop. (Plate 3A) For example, the 
inflorescence was observed to arise from either the distal or the 
penultimate bud and sometimes from both (Plate 7A). Also, when 
stimulated to grow out, the fixst bud usually produces a shoot and, if 
this shoot is removed, the second bud will develop into a shoot. 
The buds in the leaf axils are resting until stimulated to 
develop vegetatively or florally. The structure of the first bud 
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Figure 3: The structure of the most distal axiU-ary 
bud. The resting apical dome is enclosed by 2 sets 
of structures* The outer set consists of 2 bracts 
and the inner set consists of 3 small leaf primordia. 
Both sets of structures are densely covered with hairs 
IDDLE BRACTS 
INNER BRACTS 
Figure 4: Arrangement of bracts in a floral bud. An 
inner set of bracts develops following inflorescence 
initiation. 
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consists of 2 outer bracts which are thickly covered in hair and 
enclose 3 small primordia. These 3 primordia, also thickly covered in 
hair, enclose the small apical meristem. (Figure 3). In a resting bud 
the apex is a nearly flat dome of cells (Plate 3B). 
When the bud is vegetative the 3 inner primordia are leaf 
primordia which elongate to produce the first whorl of 3 leaves on the 
new shoot. At this time the meristem produces a succession of leaf 
primordia which quickly become covered in hairs. M. integrifolia 
usually has 3 leaves per node. (Plates 4A). The apex of a vegetative 
shoot is flat, triangular in shape, and has emerging leaf primordia in 
each corner of the triangular meristem (Plate 5C). 
Inflorescence initiation is characterised by the swelling of the 
meristem and by the development of an additional 3 bract-primordia 
(Plate 4B). The shape of the apex is a good guide to whether a bud is 
resting, vegetative or floral. A resting bud has a flat meristematic 
dome, triangular in shape with no other distinguishing features. The 
vegetative meristem is flat, triangular in shape and has leaf 
primordia developing at each corner of the triangle. The floral 
meristem has a swollen dome with 3 bract primordia and it lacks the 
distinctive triangular form of the vegetative meristem. 
In the case of floral development the 3 inner leaf primordia 
originally present Jn the active bud develop into involucral bracts. 
These bracts are arranged alternately with the new bracts which 
develop after inflorescence initiation (Figure 4) . The newly 
developed inner involucral bracts elongate and become thickly covered 
£n hair (Plate 4C). This inner set of bracts encloses the 
inflorescence primordium which, initially, is a small dome of cells 
directly attached to the bracts (Plate 5A) . This dome of cells 
increases in diameter and height, and it develops into a discrete 
structure separated from the involural bracts by a ring of hairs 
(Plate 5B). Both of the inner two sets of bracts tightly enclose the 
hairless inflorescence primordium, providing it with protection from 
the environment. 
The inflorescence primordium continues to increase in height and 
it begins to develop floral bracts, initially at the base of the dome 
and, thereafter, progressively towards the apex (Plates 5C and 6A). 
It is at the base of each of these minute floral bracts that a pair of 
flowers will be initiated. The floral bracts remain hairless while 
the inflorescence is still enclosed by the involucral bracts (Plate 
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5B) but, by the time of primordia elongates beyond their protection, 
the floral bracts have become densely covered by hairs (Plate 5C). As 
the inflorescence elongates the involucrml bracts remain as appendages 
at the base of the inflorescence. 
At the stage when the * inflorescence is 4-8 mm im length, flowers 
can be detected as 2 elongated domes of cells occurring in the base of 
each floral bract (Plates 7B and 7C). These domes increase in height 
and become lobed. Initially there are only 2 lobes but, finally, 4 
lobes are formed and these correspond to the 4 perianth par^ (PlaMi 
8A, 8B and 8C). 
As the inflorescence elongates the bracts separate and the 
developing flowers become visible (Plates 9A and 9B). The individual 
flowers are spherical initially (Plate 9C) but then become 
increasingly elongated as the inflorescence lengthens (Plate 10A). 
Scanning Electron micrographs were taken to illustrate many of 
the structures of the macadamia flower as described by Kausik (1938). 
"The macadamia flowers are borne in pairs on 
the main axis of the inflorescence which is M raceme. Plate 2 
Each flower has a long pedical and consists of 4 
perianth lobes, opposite to which are 4 stamens. Plate 11A 
The filaments are adnate to the perianth lobes 
throughout their basal portion^ and are free only Plate 11B 
a little below the anthers. and 11C 
The perianth lobes meet each other along their 
margins by a dove tailing arrangement. Plate 10B 
within the perianth is a large nectar-secreting 
disc in the form of a collar at the base of the ovary. 
The ovary, which is made up of a single carpel and 
contains 2 ovules, is raised on a short g^ nophore**|dJce-
stalk and ends distally in a long slender style 
terminated by a large stigma. The wall of the ovary is 
densely clothed over with short thick-walled hairs. In 
the formation of the ovary, the margins of the carpel 
sac folded inwards on the ventral side, where a 
longitudinal groove is present. The groove continues 
into the style and stigma." 
The receptive stigmatic area forms only a very 
small portion of the glaborouS* club-shaped end of the 
style and is composed of numerous papillate cells for Plate 12A 
conducting the pollen tubes. Plate 12B 
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Plate 2: Inflorescence of M. integrifolia cultivar 344 
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Plate 3 
Micrograph of axillary buds situated in the 
leaf axil. Up to 5 buds are arranged 
longitudinally on the stem but only the 2 
most distal buds usually develop. All buds 
are covered in a thick layer of hair or 
tomentum. 
(Field Width 'm 2.6mm) 
The apical meristem (AM) of a resting 
axillary bud. Note the relatively flat, 
triangular-shaped dome of cells. 
(Field Width = 320pm) 
The apical meristem (AM) of a vegetative shoot 
with the large leaf primordia removed. The 
apex is flat and triangular in shape with leaf 
primordia (LP) developing in each of the 3 
corners. 
(Field Width m 385um) 
A. 
B. 
C. 
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Plate 4 
A. The apical meristem of a vegetative shoot 
showing leaf primordia (LP) * 
(Field Width « 381um) 
The apex following inflorescence initiation. 
Note the small dome with 3 bract primordia (BP) 
surrounding the inflorescence primoridium (IP). 
(Field Width * 240um) 
C. The inner set of involucral bracts (IB) is 
thickly covered in hair and encloses the dome 
of cells which gives rise to the inflorescence 
primordium (IP). 
(Field Width = 577um) 
B . 
55 
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Plate 5 
The inflorescence primordium (IP) with all the 
involucral bracts removed (Note scars; IB). 
The primordium is initially very small and is 
not separated from the inner bracts. 
(Field Width * 578ym) 
The inflorescence primordium (IP) increases in 
diameter and height and becomes a discrete body 
separated from the enclosing involucral bracts 
by a ring of hairs (KH). (Notes severe cell 
collapse occurred in the preparation of this 
specimen) 
(Field Width m 385um) 
The swollen inflorescence primordium (IP) with 
floral bracts <FB) starting to develop at the 
base of the dome. 
(Field Width = 361um) 
A. 
B . 
C. 
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Plate 6 
The inflorescence primordia (IP) with numetsail 
floral bracts 
(Field Width » 963ym) 
Floral bracts (FB) developing on the 
inflorescence primordium. Flowers will be 
initiated from cells at the base of each 
bract, 
(Field Width = 241ym) 
The elongating inflorescence (I) emerging 
from the protection of the enclosing 
involucral bracts. The floral bracts are 
densely covered by hafe at this stage. 
(Field Width M 3-8mm) 
A. 
B . 
C. 
59 
- 60 
Plate 7 
Inflorescences (I) developing from the first 
and second buds in the leaf axil. Involucral 
bracts remain at the base of the infloresence 
(Field Width * 6.0mm) 
Ssftiorescence 4-6mm in length. The floral 
bractef (FB) cover and protect the developing 
flowers. 
(Field Width - 3. 0mm) 
Flower initiation. A pair of developing 
flowers (FP) at the base of a floral bract 
(FB) , which was originally attached at the 
left of the micrograph. 
(Field Width = 240ym) 
t 
A. 
B. 
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Plate 8 
The floral buds become elongated and lobed 
(Field Widt&; •» 360ym) 
The flower buds increase in height and form 
4 lobes. These lobes give rise to the 4 
perianth segments. 
(Field Width = 1.5mm) 
The 4 lobes (L) of the developing flower 
(Field Width = 577um) 
A. 
B . 
C. 
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Plate 9 
A. As the Inflorescence elongates the bracts 
separate and the enlarging flowers (F) 
become visible 
(Field Width « 2* 3mm) 
B. The elongating inflorescence (A raceme). Note 
the pairs of flowers at the base of each 
minute floral bract. 
(Field Width = 5-8mm) 
C. A individual flower, spherical in shape, with 
4 perianth segments (as in Plate 8B). 
(Field Width P 428um) 
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Plate 10 
A- As the inflorescence elongates the pairs of 
flowers (F) at each floral bract separate 
and the individual flowers elongate. Note 
the hairy base of each flower. 
(Field Width =* 2.3mm) 
B. The interlocking cells (IC) along the future 
joining the perianth segments (P). 
(Field Width = 128ym) 
C. The tubular macadamia flower before anthesis. 
The style is elongating and has pushed through 
the suture between 2 perianth segments. 
(Field Width = 6.4mm) 
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Plate 11 
A. The macadamia flower at anthesis. There are 
4 sepals (S) with 4 attached stamens (SA). 
Note the long style (SL). 
(Field Width * 9-6mm) 
B. The longitudinally dehiscent anther (A). 
(Field Width = 2.1mm) 
C. Pollen grains <PG) iiiid.de a dehisced anther. 
(Field Width • 230mm) 
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Plate 12 
A. Style tip with the small receptive stigmatic 
area (SA) at the distal end. 
(Field Width • 1.2mm) 
B. Receptive stigmatic area showing papillate 
cells (PC). Pollen grains (PG) are 
scattered on the stylar surface* 
(Field Width = 290um) 
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3. MICROPROPAGATION OF M. INTEGRIFOLIA CULTIVARS 
3,1 Introduction 
Schroeder (1961) was able to induce callus growth from macadamia 
fruit tissue cultured on Nitsch (1951) medium and proliferating shoot 
cultures of M. integrifolia seedlings have been maintained on 
Murashige and IBkoog (1962) medium (MS) containing 2 mg 1 
benzyladenine (BA) (Barlass, pers. comm.), but there have been no 
reports to date on the micropropagation of M. integrifolia cultivars. 
There have been reports on the establishment of explants, 
proliferation of axillary shoots and rooting in vitro of pdcrocuttings 
of some other species in the family Proteaceae. Gorst et al (1979) 
reported on the tissue culture propagation of 2 grevillea hybrids 
namely cultivars Robin Gordon and Crosbie Morrison. Plant 
multiplication rates were fairly high despite the fact that both 
hybrids tended to produce single shoots in vitro rather than multiple 
axillary shoots. The medium used in this research is given in Table 
10. High rates of adventitious root development occurred when 
microcuttings cultivars Crosbie Morrison and Robin Gordon were 
cultured on a medium lacking growth factors and amino-acids and 
containing lOuM y— indolebutyric acid (IBA)- The successful 
proliferation and rooting of waratah (Telopea speciosissima) has been 
achieved at the Department of Agronomy and Horticultural Science, 
U^niversity of Sydney, using a modified MS medium confining twice HOm 
normal concentration of iron (Table 10). The development of multiple 
irtllary shoots is stimulated by the addition of 10uM BA. Rooting of 
waratah microcuttings is promoted by transfer to a medium containing 
lOuM IBA. 
Callus has been initiated from the cotyledons and hypocotyls of 
Leucospermum cordifolium seedlings. A comparative study by van Staden 
and Borman (1976) of 4 media with respect to their ability to support 
callus growth found that Millers (1965) medium was the best (Table 
10). Callus cultured in the presence of zeatin grew well and also 
formed small dome-shaped outgrowths on the under surface. 
Histological examination showed zones of meristematic tissue which, it 
was suggested, would develop into adventitious buds. 
This chapter is concerned with the aseptic «lture of isolated 
buds of macadamia cultivars. The object of the experiments was to 
identify media which induce multiple shoot formation and which induce 
adventitious root formation on excised shoots. Experiments were also 
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made on the induction of callus growth from leaf explants and from 
internode segments* 
3.2 Materials and Methods 
Two-year-old trees of cultivars HAES 660, HAES 246, HAES 741 and 
HAES 344 were grown in 101 pots under glasshouse conditions with a 
26°C day temperature, 19°C night temperature and natural illumination. 
The continual growth of new shoots was encouraged by frequent pruning 
and these shoots were used as a source of nodal explants for the 
establishment of cultures. The leaves were removed and the shoots 
were cut into individual nodes of l-2cm length (Plate 13A), Each node 
consisted of a whorl of 3 leaves and numerous axillary buds, there 
being 4-5 buds in each leaf axil. These nodes were disinfected by 
rinsing in distilled water followed by shaking ( 3 x 5 min) in a 1% V/V 
solution of sodium hypochlorite containing 1 ml 1 Tween 20 as a 
wetting agent. The sodium hypochlorite solution was changed after 5 
minuted* 
The nodes were cultured initially on a "holding medium" (MS 
containing 10uM BA) for 5-7 days in order to identify infected 
cultures. In all cases explants were grown in test tubes (2,54mm x 
15.24mm) with aluminium foil caps containing 10ml of culture medium 
(Plate 14). The tubes were cultured either in culture rooms or in a 
growth cabinet wi th the following conditions: 
Culture Room Growth Cabinet 
Photoperiod 24 h or 18 h 18 h 
Irradiance 30 Wm" ; 30 Wm~ 90 Wm~ 
Light Source Asram Cool White Mixture of fluorescent 
fluorescent tubes tubes, incandescent 
bulbs and high 
pressure Na lamps 
Temperature 26±2°C; 26±2°C 26±2°C day; 19±2°C night 
Insufficient explants were available to undertake the "Broad 
Spectrum" or "Mini-Broad Spectrum" experiments of De Fossard (1976) as 
the means of finding a suitable medium for the culture of adult 
macadamia tissue. Instead, it was necessary to choose a medium from 
the published literature as a starting point. (Murashige and Skoog, 
1962? Nitsch and Nitsch, 1969, (NN), etc.) A review of media used for 
culturing seedling macadamia explants and related species led to the 
TABLE 10 
Constituents of media used for micropropagation of Proteaceous species 
1 
Consitutent 
1) Macronutrient 
KN3 3 3 
H2P64 CaCL 
MgSO 
KCL 
Ca(N03)2 
2) Micronutrient 
H3B°3 
MnSO 
znso 
CuSO 
Na^MoO 
CoCl 
KI Z 
FeSO 
Na EDTA 
Na2S04 
Grevillea cv, 
Gordon 
(Gorst et al 
10 (mM) 
10 
1 (NaH PO ) 
2 
1.5 
-
-
50 (uM) 
50 
20 
0.1 
0.1 
0.5 
2.5 
SO 
50 
450 
Robyn 
1979) 
Waratah 
(MS with 
iron) 
Murshige 
20 (mM) 
20 
1.5 
3 
1.5 
-
-
100 (uM) 
100 
30 
0.1 
1.0 
0.1 
5 
200 
200 
double 
& Skoog (1962) 
Nitsch and 
Nitsch 
(1969) 
(NN) 
9.5 (mM) 
9.0 
0.5 
1.5 
0.75 
-
— 
150 (MM) 
100 
35 
0.1 
1.0 
-
-
100 
100 
MS Medium 
30% all 
minerals 
5 (mM) 
6 
.45 
.9 
.45 
-
-
30 (uM) 
30 
9 
.03 
.3 
.03 
1.5 
30 
30 
Millers (1965) 
10 (mM) 
12.5 
2.2 
0.3 
0.87 
2.1 
26 (UM) 
63 
13 
-
^4 )6 M°7°24 
" 
-
-
35.5 
r 
*». 
i 
TABLE 10 (Cont'd) 
Constituents of media used for micropropagation of Proteaceous species 
Consitutent 
3) Growth regulator 
3) Growth Factors 
Inositol 
Nicotinic Acid 
Pyridoxine HCL 
Thiamine HCL 
Biotin 
D-Cg-Pantothe^nate 
Riboflavin 
Ascorbic Acid 
Choline Chloride 
4) Amino Acid 
L-Gysteine HCL 
Glycine 
Sucrose 
Agar 
PH 
Grevillea cv. Robyn 
Gordon 
(Gorst et al 1979) 
luM ea, 1AA, XBA 
mh, NAA, NOA, 
2-4D, PCPA +0,1 
UM 2iP 
600 (uM) 
40 
6 
40 
1 
10 
10 
10 
10 
120 (uM) 
50 
120 (mM) 
9 gl 
5.5 
Waratah 
(MS with double 
iron) 
Murshige & Skoog (1962) 
lOuM BA 
550 (yM) 
4 
2.5 
0.3 
-
0 
-
-
-
-
25 
90 (mM) 
10 gl 
5.75 
Nitsch and 
Nitsch 
(1969) 
(NN) 
lOyM BA 
550 (pM) 
40 
2.5 
1.5 
.2 
Folic Acid 
1.0 
25 
60 (mM) 
8 gl" 
5.5 
MS Medium 
30% all 
minerals 
550 
4 
2.5 
0.3 
25 
90 
8 
5.75 
Millers (1965) 
550 
4 
.5 
.3 
-
** 
-
-
-
-
-
90 (mM) 
10 gl" 
I 
p 
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selection of the Murashige and Skoog (MS) medium (Murashige and Skoog, 
1962}. 
The use of BA to stimulate axillary bud emergence in vitro was 
suggested by the work of Boswell, Nauer and Storey (1981) where BA and 
PBA (N-Benzyl-9-(2 tetrahydro-pyranyl) Adenine, applied to intact 
macadamia trees stimulated the outgrowth of axillary buds. Also, BA 
is known to be effectitNt in promoting axillary shoot proliferation in 
vitro in Telopea speciosissima and Grevillea cultivar 'Crosbie 
Morrison1 (page 72). 
It was assumed that IBA would be the most effective auxin to 
promote rooting of microcuttings in vitro due to its effectiveness in 
promoting root formation on picrocuttings of waratah and grevillea 
(Gorst et al, 1979) in vitro and also on hardwood cuttings of 
macadamia cultivars in vivo (page 34) • 
Many of the experiments to be reported here were made with low 
numbers of replicates because of the limited material available. The 
results are primarily observations of the response of macadamia 
explants to various basal media and to cytokinins. 
3.3 Tabulation of Experiments - Methods and Results 
Experiment 1 
The object of the first experiment was to test the effectiveness 
of MS basal medium and BA in inducing proliferation and growth of 
adult macadamia buds in vitro. 
Twenty nodal explants of the cultivar HAES 246 were cultured on 
MS medium containing lOuM BA and 8gl agar in Jtfie growth room with 24 
h light. After 4 weeks the distal axillary buds had up to 10mm in 
length (Plate 13B). The largest nodal explants showed the greatest 
shoot elgonation. In a few instances leaves that touched ttm agar 
medium formed a light brown callus tissue. This tissue was 
transferred (after 1 month from the establishment of the explants) to 
an MS medium containing 5pM BA, lOuM Zeatin and lOuM 2iP(6-(*yy-
DimethylaffiLyl-amino)-purine) and was cultured in the growth cabinet. 
After a further month numerous outgrowths were observed on the green 
callus surface (Plate 15). After 2 months of culture in the growth 
cabinet these outgrowths had developed into adventitious buds, a few 
of which grew into short shoots (3-5mm) (Plate 16). Unfortunately, 
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this callus tissue and the adventitiouf shoots became necrotic 
following a furth€* sub-culture onto MS basal medium. Efforts to 
repeat this formation of adventitious buds are described later 
(page 101). 
Axillary shoots (5-10mm) were excised after one month from 
establishment of the initial explant. These "microcuttings" were 
sub-cultured on MS medium containing BA (5uM), Zeatia (lOuM) and 2iP 
(lOpM). Most of the microcuttings did not grow and they became 
parotic witJSin one month. Similarly, the original nodal explants 
were sub-cultured and they, too, became necrotic after 4-6 weeks. 
Experiment 2 
An experiment was undertaken to test the effects of various 
cytokinins and two daylength regimes on the outgrowth of axillary buds 
from nodal explants of macadamia* The treatments were as follows: 
Cultivar Media Environment 
HAES 246 
Replications: 3 
MS basal medium (agar) 
containing: 
Zeatin (5 & lOuM) or 
BA (5 & 10pM) or 
2iP (5 & lOuM) or 
Kinetin (5 & lOuM) 
Culture Rooms 
Photoperiod: 18 h or 24 h 
— 2 
Xrradiance: 30 Wm 
Light Source: Fluorescent 
tubes 
Temperature: 26±2°C 
Results 
BA and Zeatin (5jiM, 10yM) stimulated bud outgrowth with 18 h and 
24 h photoperiods. BA was most effective in stimulating bud 
multiplication while zeatin appeared to stimulate shoot elongation. 
The nodal explants were sub-cultured after 6 weeks. The longest 
shoots (4-8mm) were excised from these explants and were cultured 
separately. Development of the remaining axillary buds on the nodal 
explants continued following sub-cultursi but many of them started to 
degeneratp and they became necrotic after 6-8 weeks. All the 
microcuttings became necrotic after 4-6 weeks. Microcuttings cultured 
on the media containing either 5pM or 10 yM Seatin exhibited some shoot 
elongation. 
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Plate 13 
A. Nodal explant of M. integrifolia (2-3cm long) 
with the whorl of leaves removed. 
B. Nodal explant after 1 month in culture showing 
the emergence of the axillary buds. 
C. Proliferating explant of M. integrifolia cultivar 
HEAS 660 after 5 months in culture, 
D. Effects of culture in vitro on leaf margination. 
The leaf on the right, with a <fmooth margin was 
produced by an explant which had been cultured 
for 1 month. The leaf on the left, with a 
dentate margin, was produced after 3 months in 
culture. 
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Plate 14: Culture tubes capped with Aluminium foil and 
sealed with Parafilm to prevent contamination. 
The tube on the left contains a microcutting 
and the tube on the right contains a 
proliferating explant of cultivar HEAS 660. 
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Plate 15: Outgrowths on the surface of callus cultured 
on MS medium containing 5yM BA, lOuM zeatin 
and 10uM 2iP. The cultures were grown in a 
growth cabinet. 
Plate 16: Shoots produced from adventitious buds which 
grew on the surface of callus tissue, Explants 
were cultured on MS medium containing 5yM BA, 
10uM Zeatin and lOuM 2iP. The cultures were 
grown in a growth cabinet. 
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Experiment 3 
Due to the high mortality of microcuttings on full-strength MS 
medium containing zeatin of BA (5 & lOyM) experiments were made with 
half-strength MS medium containing cytokinins, to see if cultures 
would respond to a reduced concentration of salts. Microcuttings of 
cultivar HAES 246, 4-8mm in length, were used as explants and 
experimental procedures were as before except that media combinations 
were as follows; h MS medium containing BA (5, 10 or 15uM), BA (5uM) + 
Zeatin (5uM) and BA (5yM) + NAA (5uM). The explants were cultured in 
the growth room with a 13 hr photoperiod. 
Results 
The results were recorded 6 weeks after establishment (Table 11) 
TABLE 11 
Effect of half strength MS medium on microcutting survival 
Treatment 
5 uM BA 
10 pM BA 
15 uM BA 
5 uM BA + 
5uM Zeatin 
5 uM BA + 
5yM NAA 
Total No. 
Microcuttings 
Dead 
0 
0 
1 
0 
2 
Total No. 
Microcuttings 
alive but 
unchanged 
0 
0 
0 
1 
0 
Total No. 
Microcuttings 
growing 
0 
0 
0 
1 
0 
Total No. 
Micro-
cuttings 
with 
emergent 
axillary 
buds 
3 
3 
2 
1 
1 
The microcuttings were sub-cultured after 6 weeks. After an 
additional 6 weeks little change had occurred in either axillary bud 
development or in shoot growth although the microcuttings appeared to 
remain healthy. 
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Prom these experiments it was evident that some element (s) of the 
MS medium were detrimental to the survival and growth of adult 
macadamia buds in vitro, Microcuttings sub-cultured onto 
full-strength MS medium became necrotic in all cases but microcuttinpi 
which were sub-cultured on half-strength MS medium survived for over 3 
months. Similarly, nodal explant® of macadamia also degenerated on MS 
medium but at a slower rate than the microcuttings. BA appears to be 
the most effective cytokinin in stimulating axillary bud development 
and outgrowth. The addition of Zeatin together with BA may be 
beneficial for stimulating shoot elongation. 
The experiments which follow were conducted with the aims of 
developing a medium which will (i) enable the survival of 
microcuttings in vitro and (ii) encourage proliferation and elongation 
of axillary shoots in jfltro. 
Experiment 4 
a) Using the standard MS medium as a starting point a programme of 
media-testing was undertaken with various permutations of the major 
components (minerals, vitamins, amino acid and cytokinins). 
Further details of these treatments are given in Appendix 1A. 
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Results 
The number of surviving microcuttings was recorded at 4 and 8 
weeks after establishment of the experiment (Appendix IB). The 
concentration of cytokinin appeared to have little effect on the 
survival rate. The total number of microcuttings surviving on each 
basal medium was calculated and expressed as a percentage of the total 
number of microcuttings (Appendix 2 and Figure 5). 
A low concentration of mineral salts and a high concentration of 
vitamins and amino acid are the most favourable media components for 
survival of macadamia microcuttings in vitro. However, shoot 
elongation after 8 weeks was minimal. 
b) Further experiments were undertaken to determine which component 
of the mineral salt mixture was inhibiting survival and elongation of 
microcuttings in vitro. The concentration of Fe was suggested as 
important by work on waratah where MS with twice the normal iron 
concentration was used for micropropagation, (page 74). Moreover, the 
high concentration of macronutrients (i.e. N, P. K and Ca) in MS 
medium as compared with other tissue culture media suggests MS 
macronutrients may be at a toxic level for macadamia. The treatments 
were as follows: 
Cultivar 
Microcuttings from 
nodal explants of cv. 
HAES 344, 5-10mm, 
1-2 nodes (Nodal 
explants had been in 
culture for 10 weeks) 
There was 10 
replications of each 
treatment 
Media 
NN 
MS containing 
30% normal Fe 
MS containing 
30% normal macro 
elements 
NN containing 
riboflavin (lOuM) 
and casein hydro-
sylate (lgl ) 
MS containing 30% 
of all the mineral 
salts. 
(All treatments wit 
10uM BA) 
Environment 
Growth room with a 18 h 
photoperiod. 
Fluorescent tubes with 
3 0Wm irradiance 
26±2°C temperature 
i 
Results 
The total number of microcuttings surviving was recorded after 5 
weeks (Appendix 3 and Figure 6). 
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The results of this experiment suggested that the macroelement 
component of the MS medium is responsible for the necrosis of the 
microcuttings. Reduction in the level of iron also increased the 
percentage of microcuttings surviving as compared with survival rates 
of cultures grown with full strength MS medium. Seventy percent of 
jgtecocuttings survived on the MS medium containing only 30% of the 
normal macronutrient concentration. Two of these microcuttings 
produced elongating shoots. This result is in contrast to previous 
experience where microcuttings showed no growth. The results of this 
experiment indicate that media containing high concentrations of 
macronutrients and iron are unfavourable for survival of axillary 
shoot explants of macadamia. A revised medium is suggested, i.e. NN 
macronutrientpj (less than half the MS medium level), half the Fe and 
micronutrient levels of NN medium and full strength NN vitamins, amino 
acid and sucrose. 
c) A third experiment was made to test the medium suggested by 
experiment 4B. 
Cultivar 
Microcuttings of cv. 
HAES 344 from nodal 
explants which had 
been in culture for 
14 weeks. (5-10mm, 1-2 
nodes) There were 10 
replicates 
Media 
1 medium with 
NN macro-
nutrients , h 
NN iron and 
micronutrients* 
NN vitamins 
and sucrose 
Environment 
Growth room 18 h 
photoperiod fluorescent 
-2 
tubes with 30Wtn 
irradiance 26±2°C 
temperature 
Results 
The total number of shoots surviving was recorded after 5 weeks 
(Figure 6). An 80% survival rate was recorded, a significant increase 
over the survival of microcutting on the full NN medium (40%). The 
rate of shoot elongation was greater on the modified NN medium with BA 
(10uM) than on NN medium with BA (lOuM). 
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Figure 5: The effect of basal media on the survival 
of microcuttings in vitro. 
(MS Full, noraaal M$ medium; MS 
containing 60% normal minerals; 
containing 30% normal minerals; 
containing 50% normal vitamins; MS 50% Vit. 60% Min., 
MS medium containing 50% normal vitamins and 60% normal 
minerals; MS 50% Vit. 30% Min., MS medium containing 
50% normal vitamins and 30% normal minerals.) 
60% yin., MS medium 
MS 30% Min., MS medium 
MS 50% Vit., MS medium 
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Figure 6: The effect of basajL media on the survival 
of microcuttings* 
(NN, Nitsch and Nitsch (1969) medium; MS 30%Fe, MS 
medium containing 30% normal concentration of iron: 
MS 30%macro, MS medium containing 30% normal conceAt-
ratxon of macro-nutri«§J@i; NN Ribo. CM, NN plus 
Riboflavin (10uM) and Casein Hydrosylate (1 gl'_1) • 
Stoodl*1™"111^ M S "^^^containing 30% all minerals; 
NN(mod), NN medium modified to contain half the normal 
xron concentration and half the normal micro-nutrient 
concentration. 
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Experiment & 
A study was made on the effects of 3 media and 2 culture 
conditions on the growth of axillary shoots produced on nodal explants 
of 3 Hawaiian cultivars. Experiment 4A (page 83) indicated that a 
medium with a low concentration of mineral salts enables macadamia 
tissue to survive in culture for at least 2 months. Accordingly, the 
MS medium (modified to contaJgH only 30% of all the mineral elements) 
and NN medium, which contains less than half the macronutrients of the 
full strength MS medium, were investigated. The standard MS medium 
was used as a control. 
The treatments were as follows: 
Cultivar 
Nodal explants (l-2cm) 
of 3 cultivars, namely 
HAES 344, and HAES 741 
and HAES 660. Nodes 
were allocated so that 
each treatment had an 
equal range of sizes 
Media 
MS 
NN 
MS (with 30% of 
the mineral 
concentration) 
Environment 
Growth cabinet 
18 hr photoperiod 
fluorescent tubes, 
incandescent bulbs and 
high pressure sodium 
lamps giving 90 Wm 
irradiance. 26°C day 
an 19°C night 
temperature. 
Culture room 
18 h photoperiod 
fluorescent tubes giving 
30 Wm irradiance 
26±2°C temperature 
Additional treatments were tested with cultivar HAES 344 only, i.e. MS 
basal medium containing phloroglucinol (162 mg 1 ); MS basal medium 
containing casein hydrosylate (1 gl" ) and MS basal medium containing 
riboflavin (lOuM). Explants on these treatments were cultured in the 
culture room. 
All media contained BA (lOuM) and agar (8 gl" ). Ten 
replications were used. All nodal explants were sub-cultured at week 
7 of the experiment and the shoot length on each nodal explant was 
recorded at intervals of 7-10 days for 8 weeks. 
Results 
Generally growth was greater in the growth cabinet with high 
—2 - o 
light intensity (90Wm ) than in the culture room (30Wm ) (Figures ?, 
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8 and 9). Cultivar HAES 344 showed maximum shoot growth on the NN 
medium when feXtordl in the growth cabinet. The following treatments 
gave similar results, explants grown on NN medium in the culture room, 
Slants grown on MS medium (both in the growth cabinet and in the 
Suture room) and explants grown on the MS medium (modified to contain 
30% of all minerals) in the growth cabinet, MS medium (modified to 
contain 30% of all minerals) and culture room conditions were the 
factors which induced the slowest growth of explants (Figure 7 and 
Appendix 4). Nodal explants on MS medium were all necrotic af tetf If 
weeks but those grown either on MS medium (modified to contain 30% of 
all minerals) or on NN medium remained in a healthy condition. 
Nodal explants of the cultivar HAES 741 which were cultured on MS 
medium (modified to contain 30% of all minerals) were lost due to 
infection. Explants of cultivar 741 which were grown with either the 
NN or the MS medium (in the growth cabinet) showed the greatest shoot 
elongation but, again, explants on MS medium became necrotic and those 
on NN medium remained healthy (Figure 8 and Appendix 4). 
Nodal explants of cultivar HAES 660 on MS medium (in the growth 
cabinets) gave more vigorous axillary shoots than explants cultured on 
NN medium. The explants on NN medium remained healthy after 80 days 
but those on MS became necrotic. (Figure 9 and Appendix 4). 
The addition of riboflavin (lOyM), casein hydrosylate (1 gl ) or 
phloroglucinol (162 gl" ) to the MS basal medium (containing 10yM BA) 
did not promote the growth of axillary shoots (Figure 10). 
Experiment 6 
The aim of this experiment was to determine the optimum 
concentration of BA in the proliferation medium shoot elongation and 
for multiple axillary bud emergence from single node explants. 
The treatments were as follows: 
Cultivar 
Single nodes (l-2cm) 
of cultivar HAES 344 
There were 20 
replications 
Media 
Basal NN medium 
with 5,10,15 or 20 
UM BA 
Environment 
Growth cabinet 
18 h photoperiod 
fluorescent tubes. 
incandescent bulbs and 
high pressure Na lamps 
with 90 Wm irradiance 
26°C day and 19°C night 
temperature 
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Figure 7: The effect of 3 media and 2 culture 
conditions on the growth in vitro of axillary 
shoots produced on nodal explants of cv. HAES 
344. 
Till SBi J r Ma° B°ai£ied to = ° " t a i n *>« 
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Figure 8: The effect of 2 m£dia and 2 culture 
conditions on the growth in Vitro of axillary 
shoots produced on nodal explants of cv, HAES 
741. 
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Figure 9: The effect of 3 media and 2 culture 
conditions on the growth in vj_tro of axillary 
shoots produced on nodal explants of cv. HAES 
660. 
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Figure 10: The effect of phloroglucinol (162 gl~ ) , 
casein hydrosylate (1 gl"1) or riboflavin (lOuM) in 
MS basal medium on the growth in vitro of axillary 
shoots produced on nodal explants of cultivar HAES 
344. 
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Figure 11: The effect of BA concentration on 
axillary shoot elongation in nodal explants of 
cultivar HAES 344. 
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Results 
The experimental results indicated that the optimum concentration 
of BA for shoot elongation was approximately 10vM (Figure 1 and 
Appendix 5). Concentration of 15uM, 20uM and 5yM BA all resulted in 
stunted growth. The development of axillary buds on the shoots was 
closely related to the concentration of BA. 
Experiment 7 
Microcuttings were excised from the nodal explants of cultivars 
HAES 660 and HAES 741 and cultured on various media containing various 
concentrations of IBA iM order to induce the formation of adventitious 
roots• 
a) Solid basal media 
Cultivar 
Microcuttings of cv. 
HAES 741 were used. 
(5-15 mm long with 
1-2 nodes). IThe 
nodal explants were 
in culture for 6 
weeks before micro-
cuttings were taken. 
There were 8 
replications 
Media 
A solid basal 
medium of h 
strength MS 
containing 0. luM 
BA with 2.5, 5 
10 or 20uM IBA 
Environment 
Culture room with a 
18 h photoperiod. 
Illumination from 
fluroescent tubes, with 
30 Wm irradiance. 
26±2°C temperature 
A high frequency of necrosis of microcutting was encountered with 
all treatments and most microcuttings were dead after 6 weeks in 
culture. This experiment was then repeated with the same conditions 
except that the basal medium was changed to MS medium (modified to 
contain 30% of all minerals) . Microcuttings were sub-cultured aftex 6 
weeks. 
Results (Table 12) 
No callus or root development occurred on the microcuttings. It 
was observed that microcutting survival increased at the higher levels 
of auxin. 
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TABLE 12 
Adventitious root formation in vitro in microcuttings 
of culfcivar HAES 741 
Treatment After 6 weeks 
{h MS basal) Total No. Total No- Total No. 
micro— micro- micro-
cuttings cuttings cuttings 
dead healthy with callus 
but un- or roots 
changed 
0 (uM IBA) 5 0 0 
5 4 1 0 
10 3 2 0 
20 0 5 0 
After 10 weeks 
Total No. No. with 
micro- callus 
cuttings or roots 
healthy 
but un-
changed 
0 0 
0 0 
1 0 
4 0 
b) Effects of liquid basal media and use of filter paper bridges 
A further experiment was undertaken with the same conditions as 
in experiment 7 (a) except that a liquid basal medium (MS (modified to 
contain 30% of mineral elements)) was used together with filter paper 
bridges. There were 10 replications. 
Results 
Table 13. No root primordia were observed after 10 weeks of 
culture on an auxifl rich medium, but a few microcuttings developed 
small areas of hard white callus at their bases (Plate 17). 
c) Use of the "quick-dip" method for application of IBA to 
microcuttings 
Cultivar 
Microcuttings of 
cv. HAES 660 were 
used (5-15mm long 
1-2 nodes}. Nodal 
explants were 
cultured for 
6 weeks before 
excision of 
axillary shoots 
for use as 
microcuttings. 
There were 
eight replicates 
Media 
Following a 5 sec. dip 
in a IBA solution the 
microcuttings were 
cultured on a half 
strength MS basal 
medium containing 
O.lyM BA. Three 
dip solutions of 
IBA were used i.e. 
0 pM IBA, 
500 UM IBA & 
1000 uM IBA 
Environment 
Culture room with a 18 h 
photoperiod. 
Illumination from 
fluorescent tubes with 
30 Wm irradiance. 
26±2°C temperalgiW 
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Plate 17: Callus development on the base of a micro-
cutting of cultivar 344 after 2 months culture 
9H£ filter paper bridges. Microcuttings were 
grown with MS medium (modified to contain only 
30% of the normal mineral concentration) plus 
20MM IBA. 
TABLE 13 
Adventitious root formation in vitro on microcuttings of cultivar 741 grown on filter paper bridges 
Treatments 
0 (urn 1BA) 
5 
10 
20 
After 6 weeks 
Total No. Total No. Total No. Total No. Total No. 
microcuttings iRicrocuttings microcuttings Microcuttings Microcuttings 
infected dead healthy but with callus with roots 
unchanged 
3 6 1 0 0 
4 • 5 1 0 0 
6 1 2 1 0 
0 6 2 2 0 
After 10 weeks 
Total No. Total No. 
Microcuttings Micro-
healthy but cuttings 
unchanged with 
callus 
1 0 
1 1 
2 2 
1 1 
I 
00 
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Results 
Table 14. No callus or root development o% the microcuttings was 
observed. 
d) Microcuttings were taken routinely at the time of each 
sub-cultuase from nodal explants which have been in culture for 
extended periods* (8 months at the time of writing). These 
microcuttings were then cultured on a number of media. 
Cultivar 
Microcuttings of cv. 
HAES 660 and 344 were 
taken at 6, 12 and 18 
weeks (5-15mm long. 
1-2 nodes) 
Media 
a) 
b) 
c) 
d) 
h NN with lOuM IBA 
and filter paper 
bridgesj 
h NN with lOuM IBA 
solid medium; 
MS(modified with 
30% all minerals) 
with lOuM IBA 
and filter paper 
bridgesj 
MS (modified with 
30% all minerals) 
with lOyM IBA 
solid medium 
Environment 
Growth cabinet 
with an 18 h 
photoperiod• 
Illumination from 
fluorescent tubes, 
incandescent bulbs 
and high pressure 
Na lames with 
90 wm irradiance. 
26°C day, 19°C 
night temperature 
Results 
The result was generally poor with a high mortality of 
microcuttings and no callus or root development. 
Experiment 8 
Following the observation of callus development from leaf tissue 
of cultivar 246 in Experiment 1 and the subsequent development of 
putative adventitious buds and shoots, further experiments were 
undertaken in an attempt to reproduce this result. 
TABLE 14 
Rooting response in vitro of microcuttings of cultivar HAES 660 following a "quick dip" in concentrated IBA 
solution 
• 
Treatment 
0 (urn IBA) 
500 
1000 
Four Weeks 
Total No. Total No. Total No, Total No. 
Microcuttings Microcuttings Microcuttings Microcuttings 
infect dead healthy with callus 
but or roots 
unchanged 
3 1 4 0 
4 3 1 0 
2 0 6 0 
Eight Weeks 
Total No. No. with 
healthy callus or 
but roots 
unchanged 
2 0 
1 0 
5 0 
I 
I-1 o o 
I 
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a) 
Cultivar 
1. Leaf discs of cv. 
HAES 344 
2. Internode segments 
of cv. HAES 344 
3* Small leaves from 
nodal explants of 
CV. HAES 246 
Media 
MS 
1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 
10 
basal media 
lOyM 2iP, 
lOyM BA & 
10yM Zeatin 
10VM 2iP, 
5yM BA & 
10yM Zeatin 
5yM 2iP, 
lOyM BA & 
5yM Zeaton 
5yM 2iP, 
5yM BA & 
lOyM Zeatin 
5yM 2iP, 
5yM BA, 
lOyM Zeatin & 
2.5yM NAA 
5yM 2iP, 
5pM BA & 
5yM Zeatin 
5yM 2iP, 
5yM BA, 
5yM Zeatin & 
5yM NAA 
2.5yM 2iP, 
5yM BA & 
2.5yM Zeatin 
2.5yM 2iP, 
5yM BA, 2.5yM 
Zeatin and 
5yM NAA 
|2.5yM 2iP, 
2.5yM BA, 2.5yM 
Zeatin and lOyM 
NAA 
Environment 
Culture room 
with 18h photoperiod. 
Illumination by 
fluorescent tubes 
-2 
with 30 Wm irradiance 
26±2°C temperature 
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Results 
Results were recorded at 4 and 8 weeks after establishment. 
Treatment Growth of Growth of Growth of 
internodes leaf discs of leaves from 
of cultivar cultivar explants of 
344 (after 4 344 (after cultivar 
weeks} 4 weeks) 246 (after 4 
weeks) 
1 slight callus mostly necrotic twisted and 
development n M deformed 
2 slight callus* • " llight callus, 
many necrotic necrosis 
3 •• " " " unchanged 
4 n n M M necrotic 
5 no callus " unchanged 
6 slight callus, " " unchanged 
many necrotic 
7 n H M ii twisted and 
deformed 
8 mm II II Twisted and 
deformed 
9 " " " " necrotic 
10 necrotic " " necrotic 
Observations after 8 weeks showed that all the internode segments and 
leaf discs of cultivar HAES 344 had become necrotic. The leaves of 
cultivar HAES 246 showed no callus development. No medium tested 
appeared to be suitable for the induction of callus from macadamia 
tissue• 
b) It was considered possible that leaves needed to be attached to 
the nodal explant for callus development of the leaf to occur. 
Explants of cultivar 246 were sub-cultured onto a MS basal medium 
containing 5uM BA, lO^M Zeatin and lOuM 2iP. A few leaves on each 
explant were pushed down into the agar medium and the explants were 
cultured in the same conditions as those in Experiment 8 (a). No 
callusing of the leaves was recorded after 6 weeks* 
- 103 -
c) A further experiment was undertaken using less concentrated media 
and incorporating 2,4-D (2,4-dichlorophenoxyacetic acid) 
Cultivar 
Microcutting* of cv. 
344 were excised from 
nodal explants (5-10mm 
long, 1-2 nodes) The 
leaves were pushed 
down into the medium* 
Media 
1) 
2) 
3) 
4) 
5) 
NN basal medium 
with lyM BA and 
2.5yM 2,4D 
NN basal medium 
with lyM BA and 
5yM 2r4D 
MS medium(modified 
to contain 30% of 
all mineral salts) 
with lyM BA and 
2.5pM 2,4D 
MS medium(modified 
to contain 30% of 
mineral salts)with 
lyM BA and 5yM 2,4D 
MS medium modified 
to contain 30% of 
mineral salts with 
lOyM BA 
Environment 
Culture room with a 
18 h p/hotoperiod. 
Illumination from 
fluorescent^tubes 
with 30 Wm 
irradiance. 26±2°C 
temperature 
Results 
Microcuttings on all media except the MS medium (modified to 
contain 30% of mineral salts) with 10yM BA, suffered a high rate of 
mortality after 6 weeis^ s. No callus development occurred!* 
3.4 Discussion 
Work on the micropropagation of macadamia cultivars is 
continuing. Proliferating nodal explants of cultivars HAES 344 and 
HAES 660 have been maintained for 6 months on Nitsch and Nitsch (1969) 
medium (NN) containing lOyM BA. Microcuttings cultured on a modified 
NN medium with haJJf the normal concentration of iron and 
micronutrients had a lower mortality and a greater rate of shoot 
elongation than those grown on the normal NN medium. Accordingly, the 
modified NN medium was adopted for sub-culture of the proliferating 
nodal explants. BA (lOyM) was found to give the highest shoot 
elongation rate and a high degree of axillary bud proliferation and 
this concentration was adopted as the standard cytokinin in the 
establishment medium. 
The proliferating cultures are still producing large numbers of 
small axillary shoots but subsequent shoot elongation remains very 
slow (Plate 13C). This indicates the ne»ssity for further work on 
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the development of a "growth" medium onto whidfc the proliferating 
cultures can be transferred. Experiment 2 has indicated that the 
addition of &ie cytokinin, zeatin, may be beneficial in stimulating 
shoot elongation. 
To dater all attempts at stimulating adventitious root formation 
has been unsuccessful. Until recently, attempts at root formation 
have been hampered by the lack of a suitable medium on which to 
culture the microcuttings and by high mortality ratesw Moreover, the 
slow growth of the proliferating cultures fcas given only a limited 
supply of microcuttings and this has restricted the range of 
treatments which could be tried. 
The reappearance of some juvenile characteristics has been 
observed on shoots produced on macadamia explants in vitro. Following 
2 or more months in culture 'the developing shoots often have leaves 
with dentate leaf margins in contrast to the smooth margins on leaves 
produced initially in vitro and by adult trees (Plate 13D). JSt has 
also been observed that opposite-paired leaves occur in vitro whereas 
whorls of 3 leaves occur on adult trees- It is hoped that this 
apparent "rejuvenation1 of macadamia tissue i& vitro will lead to a 
return of the capacity of cuttings to form adventitious roots. As 
indicated by work on apple (Sriskandarajah, Mullins and Nair, 1982) a 
large number of sub-cultures may be nec^ ijBsary before the rooting 
capacity of adult cultivar material is regained. 
The capacity of macadamia leaf tissue to form callus and 
subsequently adventitious shoots in the presence of cytokinils© has 
been indicated from the results of these experiments, but the cultural 
conditions involved have been diffiagsHt to confirm, 
4. STUDIES ON THE INDUCTION OF MUTATION IN MACADAMIA CULTIVARS BY 
y-IRRADIATION 
4.1 Introduction 
The aims of the experiments to be described here were (i) to 
determine the radiosensiti^ity with respect to the y-*ays of axillary 
buds of the M. integrifolia cultivars HAES 660, HAES 344, HAES 741 and 
Own Choice? (ii) to establish methods for grafting and for growing-on 
of irradiated plants; (iii) to produce an Ml-generation of irradiated 
macadamia plants for evaluation. 
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4.2 Materials and Methods 
The present study on the induction of mutation in macadamia 
comprised 2 sections. 
Section 1 
Scions or single node explants of the macadamia cultivars HAES 
660, HAES 741 and HAES 344 were irradiated with a broad range of doses 
of Y~*ays to obtain an estimate of the dose at which 50% of the buds 
were killed (LD-n) and the dose at which all the bud$ were killed 
-1 (LD ). The only dose rate available was 1 kx! hr so that the 
100 
LD 's were determined with this restriction. 
Two techniques of propagating the irradiated buds were employed: 
a) Propagation by grafting 
Three-node-scions of cultivar HAES 660 were cut from the branch 
tips of trees not exhibiting a growth Hush. Scions were taken from 
the orchard of Mr. A. Lowndes, Bural, N.S.W. Following irradiation 
the scions were cleft grafted to M. tetraphylla seedling rootstocks. 
The leaf area of the scion was trimmed to approximately 50% at the 
time of grafting. The grafted plants were left in a glasshouse with 
intermittent mist and natural illumination for the first month. 
b) Micropropagation 
Single node explants of cultivars HAES 741 and HAES 344 were made 
from soft-wood shoots from plants grown in the glasshouse. Following 
irradiation these nodal explants were surface sterilised with sodium 
hypochlorite solution (1% available chlorine) and cultured on a 
Murshige and Skoog (1962) medium containing benzyladenine (lOum). 
irradiation procedure: The macadamia scions and explants were 
irradiated with y-rays from a Co source at the laboratories of the 
Australian Atomic Energy Commission, Lucas Heights by Mr. M. Izzard on 
the 19/10/83. Doses were 0, 1, 2, 4, 8 and 16 kr* and the rate was 1 
kr hr . Fifteen scions and 8 nodal explants were treated at each 
dose. Both the scions and nodal mxplants wera irradiated in plastic 
vials containing 10-15mls of water to maintain a high humidity within 
the container. 
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Section 2 
When the results from Part I were known an additional trial was 
conducted with a narrower range of exposures and with an increased 
number of replicates. The aims of this second experiment were to a) 
obtain an accurate estimate of the ID and to provide a population of 
irradiated plants from which scions could be taken for further 
investigation and b) to undertake in conjunction with part a) testing 
of the effects of girdling of shoots on the mother trees on the 
subsequent regrowth of these shoots when used as scions. 
a) Three-node scions of cultivars HAES 660 and Own Choice were cut 
from semi-hardwood or hardwood branches, 3-6mm in diameter • The 
branches on the mother trees from which the scions were cut were 
girdled 6 weeks before the scions were taken (page 33). Scions were 
graded by diameter into 4 groups, and equal numbers of scions from 
each group were allocated to each treatment. After 'irradiation the 
scions were grafted by a cleft graft to 1-year-old seedling rootstocks 
of M. tetraphylla. The leaves on the scions were removed at the time 
of grafting. The grafted plants were kept under glasshouse 
conditions, with supplementary illumination from high pressure sodium 
lamps. A temperature range of 15-30 °C was maintained in the 
glasshouse and intermittent mist was applied for the first month 
following grafting. 
Irradiation Proceduret The macadamia scions were irradiated on the 
12/4/84 at the Australian Atomic Energy Commission laboratories. 
Doses were 0, 1, 2 and 4 kr and the rate was 1 kr hr" . Twenty scions 
were treated at each dose. 
b) Four branches, 2-4cm in diameter on trees of the cultivar HAES 
660 were selected for uniformity. Six weeks before grafting half of 
these branches were girdled and the remainder were left intact. The 
girdled and non-girdled branches were subsequently made into 3-node 
scions (3-6mm diameter) which were then Irradiated with 2kr of y-rays 
at a rate of 1 kr hr . The irradiated scions were cleft grafted onto 
seedling rootstocks of M. tetraphylla and were then grown in the 
glasshouse with intermittment mist. (Same conditions as part a)). 
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4.3 Results 
The treatment were assessed 3 months after grafting. Records 
were made of the numbers of scions surviving, the numbers of scions 
forming extension shoots and the total numbers of extension shoots. 
Treatment effects were analysed by calculating the mean number of 
extension shoots per surviving scion and by expressing this mean as a 
percentage of the mean number of shoots per scion of the controls. 
Scions which died were considered as graft failures and were excluded 
from calculation* 
The irradiated explants grown in vitro (culture rooms with 18 hr 
light, 30 Wm , 26°C) were assessed by counting the number that 
produced axillary shoots and by expressing this value as a percentage 
of the total number of explants, thus giving a percentage of survival 
of the buds. These explants have not been maintained in culture due 
to losses from infection and decline of the explants due to the lack 
of a suitable medium available at that time. 
Section 1 
Bud burst and shoot emergence commenced 6-8 weeks after grafting. 
The percentage 'take' of grafts was 32%, a relatively low figure as 
compared with the commercial nursery production (approximately 70%) . 
Evidence of physical damage to the buds of scions irradiated with 
2 and 4 kr of y-rays was apparent. The vigour of shoot growth was 
inversely related to the radiat ion dose (Plate 18) and there was 
distortion of leaves and loss of apical dominance. Several shoots (up 
to 4) grew from the leaf axils of Jjrradiated scions but single 
axillary shoots were produced by the controls (Plate 19). Also, 
irregularities were observed in the growth of shoots, for example, one 
leaf was joined by its margin to the stem and, in one case, adhering 
extension shoots were formed (as in fasciation) (Plate 20). 
The experimental results are given in Appendix 6 and 7. In 
Figure 12 the dose (kr) is plotted against percent survival. The ID 
for grafted speions of iqultivar HAES 660 is approximately 2 kas* The 
^^50 f o r s i n 9 l e nodes in vitro of cultivar HAES 741 is approximately 
2.6 kr and for HAES 344 the LD is approximately 3.3 kr. 
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Figure 12: The effect of y-irradiation on tUfii 
survival of hardwood scions and of nodal explants 
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Figure 13: The effect of y~irradiation on the 
survival of hardwood scions of 2 cultivars of 
M. integrifolia. Own Choice and HAES 660. 
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Plate 18: Ml-generation: Effect of y-irradiation of 
scions on shoot emergence and elongation* 
(Photographed 4 months after grafting). 
Plate 19: Outgrowth of axillary shoots from an irradiated 
scion (4 kr). (Photographed 4 months after 
grafting). 
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Plate 20: Ml-generation; Anomalous shoot growth from an 
irradiated scion (4 kr dose). The apex has 
bifurcated to produce 2 extension shoots. 
(Photographed 4 months after grafting). 
m 1.12 -
Section 2 
a) Bud burst commenced within 4 weeks of graftil^f. The overall 
percentage of graft success was 75%, a figure that compared favourably 
with commercial operations. There was evidence of physical damage 
which was similar to that observed in Part 1. 
The experimental results are given in Appendix 8. In Figure 13 
the dose (kr) is plotted against percent survival. The unusually high 
survival of plants treated with 4 kr made it difficult to complete an 
accurate determination of the LDrn-
b) The graft success for girdled scions was 87% and the success rate 
for "non-girdled scions" was 11% (Table 15). 
TABLE 15 
Effect of girdling of mother branches on subsequent survival and 
regrowth of scions 
Treatment 
Girdled 
Non-girdled 
No. scions 
surviving 
26 (30) 
3 (28) 
% scions 
surviving 
87 
11 
No• scions 
producing 
extension 
shoots 
25 
3 
Regrowth total 
no. axillary 
shoots 
72 
9 
4,4 Discussion 
The development of new genotypes by mutation breeding is a 
long-term project involving a number of steps. These include (1) 
establishing of the radiosensitivity of the cultivars being studied 
(2) irradiation of buds and the raising of an Ml-generation by 
grafting of scions onto rootstocks (3) propagation of axillary buds 
from the Ml to purify chimeras (M2) (4) selection of new phenotypes 
from the M2 (in this case plants with 'dwarfed' characteristics) , (5) 
propagation of the selections from the M2 (M3 generation) for 
^ii|licated field trials, and, finally, (6) multiplication of promising 
clones from the preliminary trials for larger, commercial trials 
(Lacey, 1980). 
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The experiments undertaken here have, by necessity, been short 
term CIS months) and were aimed at completing the first step of the 
scheme outlined above. The main object of the work was to lay the 
foundation for a mutation breeding programme with macadamia. 
The experiments showed that the LD5Q for cultivars of 
M. inteqrifolia was in the range of 2-3 kr. (Figures 1 and 2) The 
LD of HAES 660 (grafted scions) was approximately 2 krj HAES 741 
50 
(nodal explants in vitro) approximately 2.5 kr and HAES 344 (nodal 
explants in vitro) approximately 3 kr. The second series of 
experiments was designed to provide a more accurate estimate of the 
LD for the cuJMvars Own Choice and HAES 660. However, due to the 
50 
inexplicably high rate of bud survival at the 4 kr dose* this aim was 
not achieved. The experiment showed that Own Choice and 660 have 
essentially similar radiosentivities. 
From these results a dose of 2.5 kr of yirradiation at a rate of 
1 kr hr is recommended for future work. 
Girdling of the mother branches was shown to give a much improved 
rate of graft success; 87% as compared with 11% for the non-girdled 
material. Girdling of scion wood is recommended for future work, for 
example, for the production of an M2 generation. 
5. CONCLUSIONS 
The study undertaken on the developmental anatomy of the 
macadamia inflorescence and flower has resulted in a detailed 
description and illustration by Scanning Electron Microscopy of most 
of the developmental stages. The five stages described are as follows 
(i) The resting bud 
(ii) Initiation of the inflorescence 
(iii) Inflorescence primordia development and the first appearance 
of floral bracts. 
(iv) inflorescence elongation, flower initiation and development, 
(v) Anthesis. 
Substantial gaps exist in the understanding of the reproductive 
biology of macadamiJ^ thus restricting efforts to increase the yield 
of nuts obtained in Australia towards the yields achieved in Hawaii. 
It is hoped that this information will be of assistance in the further 
study of factors influencing floral evocation, inflorescence 
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development and flower developement. Also, a better under standing of 
the effects of environment during the stages of inflorescence 
development and flower development could lead to better plantation 
management and site selection* 
Work on the micropropagation in vitro of macadamia is still in 
the developmental stage and further work is required before a 
practical system of producing plantlets from culture can be 
established. Work so far has shown that nodal explants of macadamia 
cultivars can be maintained in culture and encouraged to develop large 
number of axillary shoots. Using the basal medium of Nitsch and 
Nitsch (1962), (later modified to contain half the normal iron and 
micronutrients levels) containing lOpiM benzyladenine (BA), 
proliferating shoot cultures of cultivars HAES 344 and HAES 660 have 
been maintained for about 6 months. The rate of shoot elongation has 
been very slow and work is continuing to refine a medium which 
encourages elongation of axillary shoots rather than shoot 
proliferation. Rooting in vitro has been unsuccessful so far, but 
there is some evidence of 'rejuvenation1 in vitro and it is hoped that 
this will lead to microcuttings of macadamia cultivars regaining the 
capacity to form adventitious roots. 
The third aspect of this research project involving the induction 
of mutations in macadamia cultivars is, necessarily, a long term 
project. Work undertaken for this thesis has been successful in 
determining the LD of scions of some major cultivars, i.e. 2-3 kr of 
Y-irradiation at a rate of 1 kr hr , and this information will be of 
considerable value for future work. A small population of first 
generation plants irradiated with 0, 2 and 4 kr of y-irradiation at a 
rate 1 kr hr 'is being grown-on to provide propagation material to 
raise a second generation which will be evaluated in due course for 
dwarf mutants. 
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APPENDIX 1A 
Permutations of the MS Medium used in Experiment 4A 
Treatment 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ii 
12 
13 
14 
15 
16 
Minerals <% MS) 
(Macro and Micro 
minerals and iron) 
100 
100 
100 
100 
60 
60 
60 
60 
60 
60 
30 
30 
30 
30 
30 
30 
(Vitamins and 
amino acid) 
100 
100 
50 
50 
100 
100 
100 
50 
50 
50 
100 
100 
100 
50 
50 
50 
Cytokinins (BA) 
low 
med 
low 
med 
low 
med 
• high 
low 
med 
high 
low 
med 
high 
low 
med 
high 
APPENDIX IB 
Survival of microcuttings of cultivar HAES 344 cultured on a media 
Treatment No. 
1 
2 
3 
4_ 
5 
6 
2 
8 
9 
1£ 
11 
12 
13 
14 
15 
16 
Total No. 
Micro-
infected 
5 
5 
4 
3 
4 
4 
3 
4 
3 
3 
3 
2 
2 
2 
2 
3 
Total No. Dead After 
microcuttings 
1 mth 
1 
3 
4 
4 
1 
0 
1 
0 
2 
3 
0 
0 
0 
1 
3 
3 
2mths 
2 
3 
4 
5 
3 
0 
1 
0 
2 
3 
1 
0 
0 
2 
3 
3 
Total No. 
microcuttings 
healthy after 
1 mth 2 mths 
0 0 
0 0 
0 0 
1 0 
1 1 
0 0 
2 2 
2 1 
3 1 
A 0 
5 4 
6 6 
6 6 
3 3 
2 2 
1 1 
Total No. Micro-
cuttings with 
necrosis 
1 mth 2 mths 
2 1 
0 0 
0 0 
0 £ 
2 0 
4 4 
2 2 
2 3 
0 2 
1 2 
0 0 
0 0 
0 0 
2 1 
1 1 
1 1 
Total No. 
micro-
cuttings 
with axillary 
bud dev. 
2 
0 
0 
1 
2 
2 
2 
0 
0 
1 
4 
6 
6 
0 
1 
1 
m 
i 
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APPENDIX 2 
The percentage survival of microcuttings of cultivar HAES 344 
Basal Media 
(% mineral element/% vitamins and 
amino acid) 
100/100 
100/50 
60/100 
60/50 
30/100 
30/50 
Percent Survival 
of Microcuttings 
0 
0 
23 
14 
94 
35 
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APPENDIX 3 
The total number of microcutting of cultivar HAES 344 surviving on 
various media (after 5 weeks) 
Basal Media 
NN 
MS containing 30% 
iron 
MS containing 30% 
macroelements 
NN containing 
riboflavin and 
casein hydrosylate 
MS containing 30% 
of all minerals 
Tota& No, 
Dead 
6 
6 
3 
10 
0 
Total No. 
Alive 
4 
4 
7 
0 
10 
% Survival 
40 
40 
70 
0 
100 
Comment 
Leaf necrosis 
Leaf necrosis 
Leaf necrosis 
All necrotic 
Leaf necrosis 
APPENDIX 4 
Experiment 5: Mean length of axillary shoots produced on nodal explants at each recording day 
0 21 31 38 45 52 60 
Cultivar Light Media* 5c SE X SE X SE x" SE X SE X SE X SE Comment at day 90 
344 High N&N 0 0 7.8 .51 9.5 .41 10.5 .58 11.1 .69 11.2 .66 10.5 .6 Upper shoots 
necrotic 
MS 0 0 4.6 .97 5.1 .82 5.2 .95 6.6 .73 6.2 1.4 7.2 1.3 Necrotic 
MS(30%) 0 0 5.2 .45 5.7 .50 5.5 .56 7.1 .59 6.5 .87 5.9 1.0 Upper leaves 
necrotic 
Low N&N 0 0 3.4 .40 4.3 .55 5.4 .69 7.5 .62 8.1 .63 8.6 .95 Healthy 
MS 0 0 3.9 .69 5.5 .81 6.5 .86 6.8 .61 7.1 .66 6.4 .87 Necrotic 
MS(30%) 0 0 1.4 .13 2.0 .32 2.67 .33 3.1 .52 4.4 .66 5.7 1.2 Healthy 
741 High N&N 0 0 2.7 .74 4.9 .81 6.5 .76 8.2 .82 8.7 .98 7.3 .87 Infect 
MS 0 0 4.1 .44 4.5 .53 6.4 .70 8.4 1.0 9.8 1.4 11.7 2.4 Upper shoots 
necrotic 
MS (30%) 0 0 - - - - - - - - - - - - -
Low N&N 0 0 2.1 .13 2.7 .26 3.0 .62 4.2 .82 4.1 .55 6.3 1.1 Healthy 
MS 0 0 2.4 .32 3.5 .35 4.7 .48 6.8 6.1 6.0 .72 7.1 .4 Upper shoots 
necrotic 
MS (30%) 0 0 - - - - - - - - - - - - -
610 High N&N 0 0 3.6 .48 4.5 .49 5.8 .90 6.5 .92 7.7 1.0 6.9 1.3 Healthy 
MS 0 0 3.2 .66 4.5 .96 6.8 1.4 11.2 i.5 10.2 2.5 Necrotic 
MS(30%) 0 0 1.2 .22 2.75 .41 Infect - - - - - - -
1 
H 
to 
- J 
R 
APPENDIX 4 
Experiment 5: Mean length of axillary shoots produced on nodal explants at each recording day 
Cult ivar Light Media * X 
Low NGN 0 
MS 
MS (30%) 0 
344 MS + phloroglucinol 0 
(low light) MS + ribo-
flavin 0 
MS + casein 
hydrosylate 0 
SE 
0 21 31 38 45 52 60 
SE I SE X SE X- SE X SE 3C SE Comment at day 90 
0 1.2 .13 1.6 
0 1.1 .12 1.8 
0 3.0 .24 3.8 
0 2.2 .48 3.2 
.17 2.0 .38 3.2 .51 4.6 .65 6.0 .83 Healthy 
.15 1.6 .26 2.3 .16 2,6 .33 2.0 0 Infect 
.26 5.2 .41 6.8 .46 7.3 .4 9.2 .53 Necrotic 
.54 4.5 .72 5.25 .88 5.7 .95 6.7 1.0 Upper Shoots 
necrotic 
2.8 .30 3.1 .38 4,2 .59 5.9 .78 6.1 .85 7.2 .98 Necrotic 
(*A11 media with 10um BA) 
I 
to 
00 
I 
APPENDIX 5 
Effect of BA concentration on growth of axillary shoots produced on nodal explants of cultivar HAES 344 
Treatment Mean Shoot Length (X) and Standard Error % Nodes with 
Day axillary bud 
proliferation 
at 50 days 
(ym BA) 0 21 31 40 50 
I 
X(mm) SE £ (mm) SE X (mm) SE IT (mm) SE X (mm) SE (%) 
H 
m 
I 
5 0 0 4.0 .32 6.9 .44 8.52 .48 8.1. .65 6 
10 0 0 4.7 .28 7.0 .48 9.75 .60 10.4 .71 41 
15 0 0 4.3 .35 7.6 .45 8.7 .54 8.9 .56 67 
20 0 0 3.3 .23 6.1 .40 7.7 ,47 7.7 .45 81 
(Subculture at 42 days) 
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APPENDIX 6 
Effects of Y~irradiation on survival and regrowth of scions of 
macadamia cultivar 660 
Treatment 
(kr) 
0 
1 
2 
4 
8 
16 
Survival of 
Scions 
NO. 
surviving 
after 3 
months 
6 
a 
4 
3 
6 
2 
% 
37.5 
50 
25 
19 
37.5 
12 
Regrowth from irrad. Scions 
No. 
scions 
with 
axillary 
shoots 
6 
3 
3 
1 
0 
0 
No. 
axillary 
shoots 
20 
6 
7 
1 
0 
0 
1 
Mean No* 
axillary 
shoots/ 
surviving 
scion 
3.3 
.75 
1.75 
.3 
0 
0 
Mean No. 
axillary 
shoots as 
% of 
controls 
100 
22.5 
53 
10 
0 
0 
(15 scions/treatment, overall graft 'take1 32%) 
«* 131 -
APPENDIX 7 
Effects of yirradiation on survival in vitro of single 
node explants of HAES 741 and HAES 344 
Treatment 
(kr) 
0 
1 
2 
4 
8 
16 
Percent 
HAES 
88 
78 
55 
37 
12 
0 
741 
Survival Percent Survival 
HAES 344 
100 
86 
83 
33 
0 
0 
APPENDIX 8 
Effect of y-irradiation on survival and regrowth of scions of macadamia cultivar Own Choice & HAES 660 
Cultivar 
Own Choice 
660 
Treatment 
(kr) 
0 
1 
2 
4 
0 
1 
2 
4 
Total No. 
scions 
surviving 
after 3 
months 
14 
14 
16 
16 
19 
14 
13 
15 
% 
Survival 
70 
70 
80 
80 
93 
70 
65 
75 
Total No. 
scions with 
axillary 
shoots 
13 
13 
12 
16 
18 
13 
10 
13 
Total No. 
axillary 
shoots 
51 
54 
40 
58 
62 
40 
24 
36 
Mean No. 
axillary 
shoots/ 
surviving 
scion 
3.6 
3.4 
2.5 
3.6 
3.3 
2.9 
2.2 
2.4 
Mean No. 
axillary shoots 
as % of control 
i 
ioo K 
106 i 
69 
99 
100 
88 
68 
74 
(No. replications per treatment: 20) 
